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ABSTRACT 
The aim of this project was to analyse critically the potential use of prebiotics in 
aquaculture. Initially, the intestinal microflora of rainbow trout, raised in the aquarium 
facilities at CEFAS, Weymouth, was investigated using both conventional bacteriological 
(culture, BiOLOG) and molecular (Restriction Fragment Length Polymorphism (RFLP), 
16S rRNA gene sequencing) techniques. Dominant colony types were identified as 
Aeromonas sobria, Carnobacterium piscicola and Clostridium gasigenes. 
A series of in vitro growth curve studies was carried out using a selection of 
intestinal bacteria and known fish pathogens, to determine the ability of intestinal bacteria 
to utilise the potential prebiotic candidates inulin, lactulose and lactitol. Both inhibition 
and stimulation of the growth of certain bacteria was noted. Inulin and lactulose were top-
dressed onto commercial trout pellets at levels of 1 OOOmg/Kg and 1 OOmg!Kg and fed to 
healthy rainbow trout to determine the effect in vivo. Using Terminal Restriction Fragment 
Length Polymorphism (tRFLP) analysis and RFLP analysis, inulin was shown to increase 
the growth of Aeromonas sobria and decrease the growth of Clostridium gasigenes in 
comparison to samples obtained from fish fed a control diet. Prebiotic supplemented feeds 
were both palatable and safe. 
To investigate the effect of feeding an inulin-supplemented diet on the 
susceptibility of Rainbow trout to Yersinia ruckeri a cohabitation challenge was performed. 
Relative percent survival at 55% positive control mortality (RPS55) was 47%. Cheanalysis 
showed that differences between the controls and fish fed a diet supplemented with both 
100 and 1 Omg inulin /Kg pellet feed were significant suggesting that inulin can improve 
the survival of fish coming into contact with the pathogen Yersinia ruckeri. 
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CHAPTER 1 
GENERAL INTRODUCTION 
1.1 Aquaculture and disease 
Aquaculture produces an increasing proportion of the fish for human consumption 
and is a successful industry within the U.K. and in Europe in general. In 2003, salmonid 
production in Europe exceeded one million metric tons, with production figures more than 
doubling in 10 years (FAO, FishStat Plus, http://www.fao.org). Fish are an important 
human food resource in developed countries and also represent a major protein source in 
many developing countries (Wijkstrom 2000). 
One of the primary constraints on the economic sustainability and expansion of 
aquaculture is disease. Infectious diseases of viral, bacterial, protozoan and parasitic 
origin, cause loss of production, increased costs and major problems for animal welfare. 
Unlike land-based animal husbandry, the numbers of individuals at risk from disease are 
much greater and, as diseased fish are often not readily visible to farm staff, significant 
numbers may die before action to control disease can be taken. 
Many fish pathogens are widespread in the aquatic environment and outbreaks of 
disease will occur regularly every year. Moreover, the aquatic environment is one in 
which infectious disease spreads rapidly and fish cannot be isolated. Without therapeutic 
or prophylactic action, infectious disease in aquaculture results in major fish mortalities 
and therefore represents a major animal welfare problem as well as an economic one. In 
addition, the fish farm environment and the surrounding river or sea environment are the 
same body of water so that infection moves easily between farmed and wild stocks. 
1.2 Current strategies for disease control 
There is now widespread acceptance within the aquaculture industry that reliance 
on chemotherapeutants alone to manage bacterial disease outbreaks is not sustainable in 
the longer term. The overuse of antibiotics may promote the development of resistant 
strains of bacteria and residues may also remain in the flesh of treated fish and enter the 
food chain (Branson and Southgate 2001 ). Vaccines, although highly effective, are not yet 
suited for use with juveniles (Nikoskelainen et al. 2001) and are, as yet, only available 
against a limited range of pathogenic bacteria (EIIis 1999). Alternative approaches to 
disease prevention and control are desirable. 
1.3 New strategies for bacterial disease control 
A number of new strategies for the control of disease in commercial aquaculture 
are currently being researched. These range from improved husbandry practices such as 
reduced stocking density (Austin and Austin 1999; Douglas-Helders et al. 2004), to the use 
of immunostimulants (Raa 1996). One such approach is the use of prebiotics and 
probiotics with the intention of altering the microflora of the intestine beneficially, 
inhibiting colonisation by pathogenic organisms and, thereby, reducing the incidence of 
disease. 
In the fish farm environment, bacterial diseases are widespread. These range from 
primary pathogens, such as Aeromonas salmonicida ·{the causative agent of furunculosis), 
Yersinia ruckeri (the causative agent of enteric redmouth disease) and Renibacterium 
salmonimarum (the causative agent of bacterial kidney disease), to pathogens that are 
mainly opportunistic, such as Aeromonas hydrophila (often causing septicaemias) (Austin 
and Austin 1993). The present project concentrates upon these and not viral or parasitic 
pathogens. As far as can be determined, there has been· relatively little research to 
investigate the susceptibility viral pathogens to a prebiotic or probiotic approach (for 
example, Kamei et al. 1988; Maeda et al. 1997; Direkbusarakom et al. 1998) and no 
reports for parasitic pathogens. 
Although not the sole route of entry for fish pathogens the gut is one of the known 
routes of entry for Yersinia ruckeri (Inglis et al. 1993) and Vibrio anguillarum (Olsson et 
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al. 1996). The existing literature was thoroughly surveyed and publications on applicable 
bacteriological and molecular methods concerning determination of fish intestinal 
micro flora have been reviewed. In addition, a variety of more general studies on both the 
use ofprebiotics and the use ofprobiotics in fish, animals and humans has been reviewed. 
1.4 Intestinal microtlora of fish 
Before a prebiotic or probiotic can be developed it is necessary to understand the 
structure and function of the intestinal microflora, whether this be in warm- blooded 
animals or cold-blooded fish. The intestinal micro flora of endothermic animals is thought 
to have a role in disease control and digestion (Sissons 1989; Fuller 1989); and it appears to 
serve a similar role in fish (Smith and Davey 1993; Austin et al. 1995; Nikoskelainen et al. 
2001; Robertson et al. 2000; Raida 2003;) 
Three major categories of microorganisms are believed to inhabit the intestinal 
tract, those that are autochthonous, allochthonous and opportunist. The autochthonous 
microflora are those that have inhabited a region from earliest times; found where they 
were formed, the allochthonous microflora are those found in a place other than they were 
formed and opportunist microorganisms, by their very definition, take advantage of 
opportunities or circumstances (Tannock 1999). Put another way, the autochthonous 
micro flora is indigenous to the species; the allochthonous microflora consists of transient 
microorganisms, such as those ingested with food (Savage 1977). In fish, the 
autochthonous microflora is likely to consist of bacteria which establish in the gut during 
the early development of the fish and which is in turn dependant on the habitat. 
Several studies have been carried out to define the microflora of freshwater and 
marine fish, for example, (Nieto et al. 1984; Sugita et al. 1985; Muroga et al. 1987; Austin 
and Al-Zahrani 1988; Andlid et al. 1995; Nedoluha and Westhoff 1997; Gonzalez et al. 
1999; Spanggaard et al. 2000; Huber et al. 2004) and several reviews summarise this data 
(Cahill 1990; Ringe et al. 1995; Ringe and Gatesoupe 1999; Ringe and Birbeck 1999). 
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The composition of the fish micro flora is highly variable depending on the developmental 
stage and the environmental conditions. So far, only a small number of bacteria have been 
isolated from the intestine of fish, which may be due to fundamental limitations in standard 
bacteriological techniques, frequently employed to isolate these organisms from fish 
(Shorts and Teska 1989). 
1.4.1 Composition of the fish intestinal microflora 
Gram-negative bacteria seem to dominate the fish intestinal microflora, but Gram-
positive bacteria are also found, including different species of lactic acid bacteria (Ringa 
and Gatesoupe 1999). In general, Aeromonas spp., Pseudomonas spp., Flavobacterium 
/Cytophaga group are the most common organisms in freshwater fish and Vibrio, 
Acinetobacter and Enterobacteriaceae are the most common in marine fish (Ringa and 
Birbeck 1999; Ringa et al. 1995). This is in contrast to the intestinal microflora of 
endothermic animals, which is composed mainly of Gram-positive species, notably 
members of the genera Bifidobacteria and Lactobacillus (Klaenhammer and Kullen 1999). 
In addition, whilst the lower intestine (large bowel) in humans appears to be a largely 
anaerobic environment (Savage 1977) the fish intestine may be very different. In fact, both 
obligate and facultative anaerobes have been isolated from fish (Trust et al. 1979; Sakata et 
al. 1980; Sugita et al. 1987b) but with much less frequency. 
1.4.2 Development of the fish intestinal micro flora 
The existence of an indigenous micro flora in fish has been disputed. However, it is 
now generally accepted that bacterial colonization occurs at the larval stage and is 
dependant on the bacterial flora of the egg, live feed, bacteria present in the rearing water 
and external environmental factors (Ringa et al. 1995; Hansen and Olafsen 1989; Hansen 
and Olafsen 1999). It is believed that a primary transient microflora becomes established 
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at the larval stage that develops into a persistant microflora at the juvenile stage, or after 
metamorphosis. 
Complex interactions are thought to occur between the host and intestinal 
microflora allowing certain bacterial strains to become established, others to be expelled, 
or infection to occur (Hansen and Olafsen 1999). Some researchers (Ringe et al. 1995; 
Ringe and Birbeck 1999) have considered the relevance of variations in morphology of the 
digestive tract between fish species and during early development. For example, in marine 
fish a less developed digestive tract appears to contain few, if any bacteria. Both gut 
morphology and digestive enzymes differ between herbivorous and carnivorous fish in 
order to utilise their natural diet (Buddington and Hilton 1987) and so it is not 
unreasonable that the bacterial microflora of the gut should differ in both structure and 
function between these different types of fish. 
1.4.3 Role 
The intestinal micro flora of fish has several roles. The recent interest in probiotics 
and prebiotics stems in part from an apparent role inhibiting the colonization of the gut by 
bacterial fish pathogens (Westerdahl et al. 1991; Olsson et al. 1992; Robertson et al. 2000; 
Irianto and Austin 2002b). It has also been suggested that the intestinal microflora has a 
nutritional function, breaking down ingested foods to individual components such as 
vitamins or amino acids (Ringe and Birbeck 1999). In humans, carbohydrates are 
fermented by the intestinal bacteria to short chain fatty acids (SCFA's), which are then 
absorbed and metabolised, rather than lost through excretion (Cummings and Macfarlane 
1997). However, as discussed above (section 1.5.1 ), differences in the composition of the 
intestinal microflora between endothermic and ectothermic animals make it questionable 
whether anaerobic bacteria in fish have a nutritional role in the fermentation of substrates. 
Fermentative digestion has been shown to occur in herbivorous fish (Rimmer and Wiebe 
1987) and Buddington et al. ( 1997) have proposed that morphologically the intestine of 
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carnivorous fish should be able to sustain a microbiota capable of this type of digestion. 
Studies demonstrating end products of anaerobic fermentation in the lower intestine, such 
as volatile fatty acids (VFA) (Rimmer and Wiebe 1987; Smith 1996) and the production of 
certain enzymes (Ramirez and Dixon 2003) suggest that anaerobes have a role in the 
digestive processes of fish. 
1.5 Methods of analysing intestinal microflora 
Information on the normal intestinal microflora provides a fundamental background 
for the selection of candidate prebiotic compounds and probiotic bacteria and in providing 
a basis for understanding why certain.candidates may or may not be effective. 
1.5.1 Bacteriological methods 
Most studies to date have used only conventional bacteriological techniques to 
investigate the intestinal microflora of fish (Gonzalez et al. 1999; Sugita et al. 1997). 
These methods usually involve the isolation and culture of bacteria from intestinal material 
using a variety of selective and non-selective media, incubated under a variety of 
conditions. Following isolation, bacteria are characterised to genus, species or stain level 
using a battery of morphological and biochemical tests (Cowen and Steele 1993; Shotts 
and Teska 1989). Classification is often difficult, such as with the genera Aeromonas and 
Vibrio, and no information on evolutionary relatedness is available from this approach. In 
addition, the techniques are labour intensive and not suited to the analysis of multiple 
samples. Data obtained using these methods almost certainly will not reflect the total 
microflora present; certain bacteria are fastidious in their nutrient requirements and require 
specialist media, and it is known that a large proportion of bacteria from natural habitats, 
such as the soil and freshwater are, as yet, non-culturable (Fry 2000). A number of studies 
on animals and environmental samples suggest that bacteria isolated using culture-based 
techniques do not reflect the total bacterial community present (see references in Holben et 
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al. 2002). Therefore, it is reasonable to suggest that this may be the same for fish intestinal 
microflora. ' 
Culture independent methods are now available to determine actual numbers of 
microorganisms present in a population. Comparison of direct microscopic counts ( 4', 6-
diamidino-2-phenylindole, DAPI), with total viable counts on Tryptone Soy agar {TSA) 
may highlight any discrepancies (Spanggaard 2000) along with enzyme/metabolite 
analysis (reviewed by O'Sullivan 1999). Unfortunately, no taxonomic information is 
produced by culture-independent techniques. 
1.5.2 Molecular biological methods 
An increasing number of studies into the analysis of fish intestinal bacteria have 
combined molecular methods with traditional bacteriological methods (Spanggaard 
2000;Holben et al. 2002;Jenson et al. 2002;Asfie et al. 2003;Huber et al. 2004). 
Molecular biological techniques can be applied in a number of ways depending on the 
level of resolution required and whether bacteria have been cultured or not. 
1.5.2.1 Seque11ce based phyloge11etic characterisatio11 
Sequence based phylogenetic characterisation can be carried out on bacteria 
isolated from the culture of intestinal samples. By comparing DNA sequences obtained 
from the microbes present with sequences deposited in databases, it is possible to identify 
the organisms at different levels of resolution (genus, species, strain). Used in conjuction 
with standard biochemical tests, the reliability of bacterial identifications can be improved. 
Sequence analysis of the 16S rRNA gene has been used successfully to classify 
unknown isolates. First developed by Woese and colleagues (see review by Woese et al. 
1987), the technique is based on the fact that the bacterial 16S rRNA gene has universally 
conserved regions separating heterogeneous species-specific regions. Amplification of the 
heterogeneous region, using PCR {polymerase chain reaction) and universal pnmers 
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designed to anneal to the conserved regions of the gene can be followed by sequencing of 
the PCR product. Resulting sequences can be compared to those deposited in databases. 
However, within a genus, the rRNA sequence is highly conserved and differences 
may not be sufficient for the comparative analysis of strains. A non-coding region of ea. 
450 bp between the 16S and 23S rRNA genes ('internal transcribed spacer', ITS) is more 
variable, and therefore more likely to provide the desired resolution (O'Sullivan 1999; 
Leblonde-Bourget et al. 1996). Analysis of the recA gene has also been suggested as a 
candidate (Karlin 1995; Eisen 1995, cited in O'Sullivan) for the classification of bacteria. 
Each approach has its advantages and disadvantages such as speed of procedure and 
sensitivity of differentiation. O'Sullivan (1999) summarised these different methods and 
noted, in particular, that only the 16S rRNA molecule is suitable for evaluating 
phylogenetic relationships between multiple genera; ITS and recA are only suitable for 
intrageneric characterisation. Unfortunately, the 16SrRNA amplification and sequencing 
procedure can be labour intensive. 
1.5.2.2 Genotypic fingerprinting techniques 
The advent of genotypic fingerprinting techniques has enabled the rapid analysis of 
large numbers of isolates. These include colony hybridisation with nucleic acid probes; 
pulsed field gel electrophoresis (PFGE), originally described by Schwartz and Cantor 
(1984), ribotyping (reviewed by O'Sullivan, 1999) and RFLP of 16S rRNA gene (Vergin 
et al. 2001) to produce characteristic RFLP's; multiplex PCR, Arbitrary Primed (AP) PCR 
(otherwise known as random amplified polymorphic DNA, RAPD and Triplet Arbitrary 
Primed (AP) PCR (cited by O'Sullivan, 1999). O'Sullivan (1999) compared these 
methods in terms such as rapidity, necessity for sequence information, cost and 
discriminatory power. Different characteristics of the different methods are suited to 
different applications. 
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Although these fingerprinting methods tend to lack the sensitivity of the sequence 
based techniques discussed above, PCR based fingerprinting methods, such as RFLP of the 
16S rRNA gene (Vergin et al. 2001), are rapid and therefore can be useful in screening 
large numbers of isolates which can be subsequently be divided into groups from which 
representatives can be sequenced and identified. 
Such methods are now being used to determine bacterial communities m the 
intestine of fish. For example, Spaanggard et al. (2000) used RAPD fingerprinting to 
group isolates amplified from template DNA derived from broth cultures of bacteria 
isolated from the intestines of rainbow trout. Representative samples were then identified 
using sequence analysis. 
1.5.2.3 Culture independent techniques 
In recent years, culture-independent molecular methods have been developed 
which may provide more detailed information on such complex communities, since large 
proportions of bacteria are believed to be non-culturable (Fry 2000). Such methods 
increase the reliability of bacterial community data and reduce workloads. Total DNA or 
RNA can be extracted from intestinal samples and 16S rRNA gene products amplified. 
Procedures such as cloning and sequencing (Holben et al 2002), denaturing gradient gel 
electrophoresis (DOGE) (Muyzer et al. 1993), temperature gradient gel electrophoresis 
{TGGE) {Felske et al. 1998) or terminal restriction fragment length polymorphism 
(TRFLP) analysis (Clement et al. 1998; Khan et al. 2001; Osbom et al. 2000) can be used 
to separate the individual rRNA genes. 
These techniques have been used to determine bacterial communities m 
environmental samples and in the study of the human intestinal microflora (see references 
above), but have only recently been used to study the intestinal micro flora of fish (Huber et 
al. 2004; Holben et al. 2002). 
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1.5.2.4ln situ analysis 
Using fluorescent markers, which enable oligonucleotide probes to be visualised by 
fluorescent microscopy, specific strains of bacteria can be visualised in situ (O'Sullivan 
1999). One method, prokaryotic in situ PCR (PI-PCR), developed by Hodson et al. 
(1995), involves the amplification of specific gene sequences within cells using 
fluorescent-labelled primers. An alternative method; fluorescent in situ hybridisation 
(FISH) probes cells fixed onto glass slides. Huber et al. (2004) used FISH with specific 
oligonucleotide probes, in combination with DGGE and sequence and phylogenetic 
analysis, to determine the intestinal microbial community of rainbow trout. Asfie et al. 
(2003) used FISH to characterize the faecal microflora of goldfish (Carassius auratus L.). 
Although simple and inexpensive to use, quantifying fluorescent bacteria can be laborious. 
To overcome this, Jansen et al. (1999) developed an automated microscopy-based method 
for counting fluorescent labelled bacteria. 
1.6 Approaches to the modification ofthe intestinal microflora 
· An increasing number of studies have demonstrated the potential health benefits of 
probiotics in aquaculture, (Smith and Davey 1993; Austin et al. 1995; Raida et al. 2003; 
Robertson et al. 2000; Irianto and Austin 2002b; Nikoskelainen et al. 2001; Gildberg et al. 
1995). A probiotic can be defined as "a live microbial feed supplement, which beneficially 
affects the host animal by improving its intestinal microbial balance" (Fuller 1989). 
Probiotics for human use are now widespread and most supermarkets now stock a 
selection of dairy drinks (e.g. Yakult®, www.yakult.co.uk) and tablets (e.g. Multibionta®, 
www.multibionta.co.uk) which claim potential health benefits through the ingestion of a 
selection of Bifidobacterium and Lactobacillus spp.. Probiotic bacteria have also been 
used as feed supplements to improve the health and/or growth of farm animals (Rantala 
1974; Lyons 1987; Sissons 1989; Tournut 1989; Fuller 1999) and a number of commercial 
probiotic products are available for use (for example, Protexin (Probiotics International, 
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U.K.)). In aquaculture, Austin et al. (1995) refer to a number of unpublished observations 
relating to the widespread use of probiotic bacteria for primary disease control in shrimp 
hatcheries in Ecuador. 
Despite the above claims, there remains a great deal of scepticism about their 
practicability and consequently little uptake by the aquaculture industry. In addition, there 
are perceived environmental and regulatory problems associated with the addition of 
bacteria into the aquatic environment. To give an example, some bacteria shown to have a 
beneficial effect on the health of fish, such as Vibrio alginoliticus and Pseudomonas 
jluorescens (Smith and Davey 1993; Austin et al. 1995), may also be known pathogens 
(Austin and Austin 1999). · For these reasons the present project has not focussed on 
probiotics but has concentrated on a critical examination into the potential of the use of 
prebiotics in aquaculture. 
The use of prebiotics, which for human use are defined as "non-digestible food 
ingredients that beneficially affect the host by selectively stimulating the growth and/or 
activity of one or a limited number of bacteria in the colon, that can improve the host 
health" (Gibson and Roberfroid 1995), may be expected to be far more promising in terms 
of general acceptance by the public, environmental pressure groups and the fish farming 
industry. However, probiotics will be discussed; prebiotics may increase growth of 
probiotic bacteria already present in the intestine and there is the potential of using a 
combination of both prebiotics and probiotics in feed supplements. The term "synbiotic" 
has already been proposed for products containing both supplements (Gibson and 
Roberfroid 1995). 
1.7 Probiotics 
The concept of the scientific application of probiotics has existed for almost lOO 
years since early studies by Metchnikoff ( 1907, cited in Tannock 2002), into the ageing 
process, led him to propose implanting beneficial bacteria in the intestinal tract to inhibit 
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the growth of "putrefactive" bacteria. The use of probiotics in humans has since become 
well documented. In animals, interest in probiotics was stimulated following the findings 
of the Swann Committee in 1969, which recommended that antibiotic use in animals feeds 
be restricted to those not used in the treatment of disease (Fuller 1989). 
The most important decision concerning probiotic use is which organism(s) to 
select. A probiotic should fulfil a number of criteria, such as not being harmful to the host 
and having the ability to survive passage through the intestine (Fuller 1989). In 
endothermic animals (mice, rats, pigs, fowl and humans) lactic acid bacteria (LAB) 
compose a significant proportion of the bacterial flora of the gastro-intestinal tract (Sissons 
1989; Gorbach \990; Gold in and Gorbach 1992; J onsson and Conway 1992) and as a 
result have a potential use as probiotics. In contrast to the wealth of information on LAB 
in endotherms, few studies have demonstrated that LAB form part of the normal intestinal 
microflora of fish (Baya et al. 1991; Austin and Al-Zahrani 1998; Ring0 et al. 1998). In 
part, this may be due to problems associated with isolating and culturing these organisms 
using standard bacteriological methods. 
1. 7.1 M ode of action 
Human studies related to the consumption ofprobiotic bacteria have shown quicker 
recovery from certain types of diarrhoea, enhanced immune function, reduction in certain 
cancers and lowering of blood cholesterol levels (McCracken and Gaskins 1999). The 
exact mechanisms behind these findings are unknown, but several possible modes of action 
have been suggested for both humans and animals (Fuller 1989) and there appears to be no 
reason to question a similar mode of action in fish. 
The most likely modes of action include the competitive exclusion of potential 
pathogens by competition for nutrients and/or adhesion sites or the production of 
antibacterial compounds, an alteration of microbial metabolism by an increase or decrease 
in enzyme activity or a stimulation of immunity by increasing antibody levels or 
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macrophage activity (Fuller 1989; Verschuere et al. 2000). Fuller (1999) commented that 
few researchers had tried to identify the mode of action of probiotic bacteria for farm 
animals and this is also a characteristic of studies of aquatic animals (lrianto and Austin 
2002a). Fish studies to date have determined host responses such as enhanced phagocytic 
activity and increases in lymphocyte and macrophage counts, suggesting that probiotics 
may stimulate cellular (innate) immunity (lrianto and Austin 2002b). In addition, 
Panigrahi et al. (2004) noted an increase in serum lysozyme and complement activities in 
fish fed a diet supplemented with Lactobacillus rhamnosus. These results were in general 
agreement with those obtained by Nikoskelainen et al. (2003) who found evidence that 
probiotic bacteria may affect both the specific (antibody) and innate immunity of fish. 
As well as reducing incidences of disease, the use of probiotics may have beneficial 
effects on the host such as improved nutrition, which may result in improved growth, by 
the production of vitamins, such as vitamin B12 (Sugita et al. 1991), and the breakdown of 
indigestible compounds in the diet by supplementation with exogenous enzymes (Ramirez 
and Dixon 2003). 
1.7.2 Probiotics in aquaculture 
An increasing number of studies have examined the potential health benefits of 
probiotics in aquaculture and several good reviews are available which document these 
including, (Gatesoupe 1999; Irianto et al. 2000; Irianto and Austin 2002; Verschuere et al. 
2000). A variety of probiotics have been tested for their ability to reduce a number of 
diseases in both freshwater and marine fish. 
Studies analysing the potential of probiotic use in aquaculture are relatively recent. 
Gatesoupe (1999) suggested that the first application of probiotics in aquaculture was by 
Kozasa (1986) who found that Toyocerin® (spores of Bacillus toyoi) reduced mortality in 
Japanese eel (Anguil/a japonica) infected with Edwardsiella sp. and also increased the 
growth rate ofyellowtail (Seriola quinqueradiata). 
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In 1993, Smith and Davey reported evidence for the competitive exclusion of 
Aeromonas salmonicida from Atlantic salmon (Salmo salar L.) with stress-inducible 
furunculosis, following a 24h bath treatment in a suspension containing a fluorescent 
pseudomonad. In addition, Gram et al. (1999) found that the addition of Pseudomonas 
jluorescens to culture water 5 days prior to challenge with Vibrio anguillarum decreased 
mortality in rainbow trout. Spanggaard et al. (2001) and found that 6 out of 9 strains of 
bacteria isolated from the intestine {all 6 were Pseudomonads), which were found to inhibit 
the growth of Vibrio anguillarum during in vitro tests, also improved the survival of 
rainbow trout with experimental vibriosis between 13 and 46% following a bath treatment 
1h prior to and 1h during challenge. Whether survival would have been improved further 
with a bath treatment longer than 1h remains to be determined. 
Lactic acid bacteria (LAB) have a potential use as probiotics. There is evidence 
that these bacteria are effective in reducing mortality in rainbow trout (Robertson et al. 
2000; Nikoskelainen et al. 200i; lrianto and Austin 2002b) infected with Aeromonas 
salmonicida (cohabitation challenge). However, a similar study by Gildberg and 
colleagues (1995) resulted in a decrease in mortality of Atlantic salmon challenged with 
Aeromonas salmonicida. The authors suggested a decrease in intestinal pH, caused by the 
LAB, might have rendered it more susceptible to colonisation by Aeromonas salmonicida, 
which grows well in neutral and weak acidic conditions, but Robertson et al. (2000), 
Nikoskelainen et al (2001) and Irianto and Austin (2002b) have since found conflicting 
results for rainbow trout. A subsequent study (Gildberg and Mikkelsen 1998) using the 
same LAB strain (Carnobacterium divergens) decreased the mortality of Atlantic cod 
(Gadus morhua) challenged with Vibrio anguillarum 12 days after infection, but after 4 
weeks the same mortality as the controls was reached. In all studies, the potentially 
probiotic LAB were added to commercial diets in lyophilised form. 
Other, non-LAB, have also been considered as potential probiotic candidates for 
fish. Studies on European eel (Anguilla anguilla L.), led Chang and Liu (2002) to 
14 
postulate that edwardsiellosis, caused by Edwardsiella tarda, could be prevented more 
effectively than treated, following administration of the probiotic Enterococcus faecium 
but most probiotic products on the market for aquaculture (see below for examples of 
commercial products) contain nitrifying bacteria and/or Bacillus spp. The nitrifying 
bacteria have strict ecological niches and have not been found in the gut of animals. 
However, Bacillus spp. have been isolated from fish and increased survival of channel 
catfish (Ictalurus puncta/us) was reported when Bacillus spp. were added to water (see 
review by Gatesoupe 1999). Bacillus subtilis and B. licheniformis have been reported to 
improve the survival of fish challenged with Yersinia ruckeri, causing enteric redmouth 
disease (ERM) (Raida et al. 2003). 
The survival of fish larvae can also be improved with the use of pro biotic bacteria 
(Skjermo and Vadstein 1999). For example, Ottesen and Olfsen (2000) reported increased 
survival of Atlantic halibut (Hippoglossus hippoglossus L.) post-hatching in groups pre-
incubated with bacteria isolated from fish (Lactobacillus plantarum and Vibrio 
salmonicida ). 
1.7.3 Commercial products 
Commercial probiotics are fairly widespread, most marketed in a liquid format to 
be added to pondwater such as, Super NB (CP Aquaculture (India) Private Ltd.), PBL-44 
(Eco-Formula Ltd, U.K.) and Probiotel (Kurios, France, powder format). Aquameds 
(U.S.A.) incorporate probiotic bacteria into their manufactured diets. Pro-Gold Excel™ 
and WPK Aquafeeds (Pty) Ltd. (South Africa) market a probiotic paste formula (Nutrex 
Aquanutro ). These products are aimed mainly at the ornamental market and none of the 
major feed manufacturers appear to include probiotics in their commercial diets as yet, 
despite evidence for the improved survival of fish following experimental infection with 
known fish pathogens. 
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1.8 Prebiotics 
Prebiotics are non-digestible dietary supplements including a variety of 
oligosaccharides, lactulose, lactitol and inulin. They occur naturally in foods or have been 
derived by enzyme-catalyzed processes from various carbohydrates (Crittenden 1999). 
They pass to the distal intestinal tract where some bacteria can use them as an energy 
source by fermentation to short-chain fatty acids (SCFAs) like acetate, propionate, 
butyrate; lactate, and the gases carbon dioxide, methane, hydrogen (Cummings and 
Macfarlane 1997). 
In humans, prebiotics are usually targeted at the probiotic genera Bifidobacterium 
and Lactobacillus (Gibson and Roberfroid 1995). Although Lactobacillus has been noted 
in the fish intestine, Bifidobacterium has not been described as a natural part of the fish 
intestinal microflora. However, current human research is focussing on the development 
of 'second generation' prebiotics. These are prebiotics designed to possess particular 
properties, such as selective metabolism by a restricted number of bacterial species (Rastall 
and Gibson 2002) and possession of receptor sequences to act as "blocking factors" and 
inhibit adhesion of pathogens (Heerze et al. 1994, cited in Rastall and Gibson 2002). 
Although current research is directed at prebiotics for human use, these prebiotics may also 
prove suitable candidates for use in fish. Prebiotics specific for fish bacteria could be 
designed, though it is questionable whether the feed/aquaculture industry could support the 
cost of development. 
1.8.1 Mode of action 
For a prebiotic to be effective it is essential that it reach the distal intestine at least 
partially undigested (Crittenden 1999). Although the exact mechanisms of prebiotic action 
in the gut are unclear a number have been proposed which are thought to improve human 
health and similar mechanisms would be expected in fish. Prebiotics pass through the 
stomach and small intestine and are digested by the colonic bacteria. As a result, these can 
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stimulate growth and/or metabolic activity of beneficial bacteria and suppress potentially 
deleterious ones, thus modifying the composition of the intestinal microflora. Competition 
for available nutrients may reduce the growth of potentially pathogenic organisms or they 
may be prevented from establishing in the intestine by competitive exclusion (also referred 
to as "colonisation resistance" or the "barrier effect") (Crittenden 1999). Therefore, 
prebiotics could be of benefit in situations where the normal intestinal microflora is 
disturbed, such as through antibiotic treatment, and a rapid re-establishment of the normal 
microflora is advantageous before pathogens are able to colonize. 
As important as the impact of prebiotics on the size/composition of the micro flora 
can be their influence on the metabolic activity, especially if the bacteria produce 
metabolic compounds beneficial to the host. For example, in humans SCFAs are rapidly 
absorbed by the colonic epithelium (Cummings et al. 1987) and can positively influence 
the prevention and control of intestinal infections, the control of serum triglycerides and 
cholesterol; they can also improve mineral uptake. Both inulin and lactulose have been 
shown to reduce the numbers of potentially pathogenic organisms in the human colon 
whilst influencing the available metabolites (see references in Crittenden 1999). 
1.8.2 Prebiotics in aquaculture 
Although the literature on the use of prebiotics in mammals, both in humans and in 
farm animal production is now quite extensive, little work has been published for aquatic 
species. In humans, it is well known that dietary fibre resists hydrolysis by enzymes, but is 
fermented by the colonic microflora (Gibson et al. 1995). Due to the different abilities of 
bacterial spp. to digest prebiotics, it may be possible to enhance certain bacterial groups 
relative to others. Two studies with Arctic charr (Salvelinus alpinus L.) indicated that diets 
supplemented with polyunsaturated fatty acids (linoleic acid, linolenic acid, and PUFA 
mix) can potentially influence the LAB populations in the intestine and stomach (Ring0 
1993a; Ring0 et al. 1998) and can result in increased growth stimulation by up to 20% over 
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fish maintained on non-supplemented feeds (Ringe 1991;Gislason et al. 1996). Ringe and 
Olsen (1999) suggested that 'greater attention should be given to the subject of how to 
increase the level of intestinal Carnobacteria which are able to inhibit growth of fish 
pathogens by dietary manipulation' following another study into the effect of diet on the 
aerobic bacterial flora associated with the intestine of Arctic charr. More recently a study 
by Li and Gatlin ill (2004) indicates that the prebiotic Grobiotic™ AE and dietary brewers 
yeast could enhance the growth performance, immune responses and resistance of hybrid 
striped bass to Streptococcus iniae infection. 
1.8.3 Commercial products 
Commercially, there are few aquafeed companies incorporating prebiotics into their 
manufactured diets. WPK Aquafeeds (Pty) Ltd. (South Africa) include prebiotics 
[Mannanoligosachharides (MOS)] in their entire fish food product range (Nutrex 
Aquanutro ), which includes trout and ornamental diets. 
1.9 Aims of study 
The primary aim of the present research project was to try to apply the concept of 
prebiotics in the form of promotion of reduced susceptibility to disease among farmed fish 
using non-medicinal feed additive(s). 
In brief (a more critical description of the aims is provided in the relevant chapters), 
investigations commenced by identifying suitable prebiotic compounds that could enhance 
specific bacterial populations already present in the fish gut, thus preventing pathogenic 
organisms from becoming established. In order to assess the ability of dietary components 
to stimulate the proliferation of beneficial bacteria selectively, it was first necessary to 
determine the diversity and role of microbes in the intestine of fish and develop an in vitro 
model. Using rainbow trout as an "experimental model", traditional bacteriological 
techniques (agar cultivation I microscopic analyses I biochemical screening, e.g. BiOLOG 
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testing) were complemented with recently developed molecular tools (16S rRNA sequence 
analysis) and together provide valuable information on the true composition and balance of 
the intestinal microflora. An in vitro study to evaluate candidate prebiotic compounds that 
can beneficially alter the bacterial flora of fish was then carried out by setting up a range of 
growth curve tests using non-digestible oligosaccharides. Once the potentially beneficial 
strains and the corresponding prebiotics were identified in vitro, confirmation was sought 
in vivo by carrying out bacterial challenges, already developed at CEFAS, Weymouth and 
under controlled laboratory conditions, on fish fed the prebiotic candidates. 
1.10 Primary approaches 
Initially, four specific stages of investigation were defined: 
1) Identification of 'normal' fish microflora with fish maintained under ideal 
healthy conditions in the aquarium facilities at CEF AS Weymouth using 
traditional bacteriological techniques and the application of molecular 
biology methods. 
2) Identification of 'normal' fish microflora from escapee rainbow trout m 
nvers. 
3) An in vitro study of effect of prebiotic candidates on different bacterial 
populations. 
4) An in vivo study on challenged fish. 
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CHAPTER2 
GENERAL MATERIALS AND METHODS 
2.1 FISH 
2.1.1 CEFAS, Weymouth Experimental facility 
All experimental work with fish was carried out in the experimental facility at 
CEFAS, Weymouth, under the following conditions. The source of the water was the 
laboratory's potable water supply, taken from chalk and limestone boreholes 
approximately I 0 km from the laboratory and representative of the water used by the 
majority of farms in southern England. A l2h-day length, 30-min dusk/dawn was 
provided with day illumination set to provide appropriate light at the water surface (200 
Lux). 
2.1.1.1 Measurements, Observations, Samples and Records 
Twice daily (a.m. and p.m.), at feeding times, fish in all tan)cs were observed for 
any sign of mortality, unusual behaviour and appetite. The water temperature of the 
experimental tanks was recorded on the automatic temperature logging system. 
2.1.2 Aquarium fish 
Two stocks of fish were used for general investigations and for disease challenge 
studies. For the initial studies a group of 'normal' rainbow trout stocks (stock no. 303) 
were kept in the experimental unit at CEFAS, Weymouth, in 1000 litre tanks containing 
dechlorinated freshwater between ll oc and l5°C. This single stock was used over a period 
of 24 months. As this was a single group, during this period the fish grew from I 00 to 
1400g. It was reasoned that less variation would occur in different sizes of fish from the 
same stock than in different populations of fish of a similar size. These fish were 
originally obtained as eyed eggs from the Glenwyllin Hatchery, Isle of Man and reared 
20 
within the confines of the experimental unit for 9 months in total. Fish were fed a 
maintenance diet ofExcel30 fish food pellets (Trouw, U.K.) twice a day. 
For challenge studies female rainbow trout stock ranging in body weight from 13.5-
15g were kept in the experimental unit at CEFAS, Weymouth. Fish were maintained in 
1000 litre tanks containing dechlorinated freshwater at 15°C±2°C and fed Excel 18 fish 
food pellets {Trouw, U.K.) twice a: day. Illumination was as described above. The fish 
were originally obtained as eyed eggs from the fish farm at Allenbrook, Dorset, U.K. 
(stock no. 383) and reared within the confines of the experimental unit for 9 months. 
2.1.3 Wild fish 
Two rainbow trout that had escaped the confines of the fish farm ('escapees') were 
obtained from an inlet channel at Test Valley Trout (TVT) ltchen Abbas, Hants. They 
were caught by rod and line, killed by a blow to the head, wrapped in plastic bags and 
transported to CEFAS, Weymouth in a thermal box filled with ice. Fish were processed 
with 3 hours of death. 
2.1.4 Farmed fish 
Two farmed rainbow trout were obtained from ponds at TVT Itchen Abbas. They 
were netted, killed by a blow to the head, wrapped in plastic bags and transported to 
CEFAS, Weymouth in a thermal box filled with ice. Fish were processed with 3 hours of 
death. 
2.2 SAMPLING AND PROCESSING 
Laboratory fish were starved for 24 hours prior to sampling. Fish were killed by a 
blow to the head, followed by destruction of the brain, and were aseptically sampled and 
processed as follows, unless otherwise indicated. Sterile latex gloves or latex gloves wiped 
down with 99% ethanol were used throughout the dissection. The underside of the fish 
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was sterilised using 70% ethanol and the peritoneal cavity was opened aseptically with a 
sterile scalpel blade. 
The intestine between the pyloric caecae and approximately lcm anterior to the 
anus was excised. The intestinal content was removed and the posterior part of this length 
of gut was used to provide 7Smg±Smg intestinal tissue. This was homogenised in l.Sml of 
peptone-saline diluent, using sterile glass beads and a vortex mixer, prior to bacteriological 
and molecular analysis. For molecular studies, O.Sml of homogenate was transferred to a 
sterile!UV treated l.Sml rnicrotube, centrifuged for 2 minutes at IOOOOrpm in a microfuge 
('Biofuge Pico', Heraeus Instruments, U.K.), the supematant discarded and the remaining 
pellet stored at -20°C until further processed. 
2.3 SOURCE OF REAGENTS 
All reagents were obtained from either VWR (Poole, U.K.) or Sigma-Aldrich 
(Poole U.K.), unless otherwise indicated. All pre-formulated powdered media was 
obtained from Oxoid (Basingstoke, U.K.), unless otherwise indicated. All reagents for 
molecular studies were obtained from Sigma-Aldrich, (Poole, U.K.), Promega 
(Southampton, U.K), AB Gene (Epsom,U.K.), Applied Biosystems (Cheshire, U.K.) or 
Anachem (Beds., U.K.), unless otherwise indicated. BiOLOG consumables were obtained 
from Oxoid (Basingstoke, U.K.). All other consumables were obtained from SLS 
(Nottingham, U.K.), VWR International (Poole, U.K.) or Fisher Scientific U.K. 
(Loughborough, U.K.), unless otherwise indicated. 
2.4 BACTERIAL GROWTH MEDIA 
Media for all studies was prepared in-house as part of a laboratory support service. 
Media for all agar plates was prepared in an autopreparator (AES Laboratoire, France), 
unless otherwise described, and all plates were poured to a depth of 4mm using a 
Tecnomat 125 automated plate pourer and Stacomat SOl plate stacker (Tecnomara, Zurich, 
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Switzerland). Media for broth was dispensed into appropriately sized glass bottles and 
autoclaved (Priorclave autoclave, London, U.K.) at 121 "C for 15mins. 
2.4.1 Routine media 
Routine media were purchased from Oxoid (Basingstoke, U.K.): 
Tryptone Soy agar/broth (TSNTSB) 
Brain Heart Infusion agar (BHIA) 
Aeromonas agar (AERO) 
Pseudomonas agar (PSEU) 
MacConkeys agar (MAC) 
DeMan, Rogosa and Sharpe (MRS) 
Reinforced Clostridial agar (RCA) 
TSNTSB is a general-purpose medium, which will support the growth of a wide 
variety of organisms (Oxoid manual). BHIA is an enriched medium supporting the growth 
of more fastidious organisms. AERO and PSEU are selective media for the genera 
Aeromonas and Pseudomonas. MAC is a differential medium for the detection, isolation 
and enumeration of intestinal bacteria and may serve to inhibit potential contaminants. 
MRS encourages the growth of lactic acid bacteria and RCA is designed for the culture and 
enumeration of anaerobes, especially Clostridium species, and facultative microorganisms. 
2.4.2 Specialist media 
Specialist media were prepared from components purchased from Oxoid (unless 
otherwise indicated) as described in Appendix I: 
A modified version of Anacker and Ordal agar/broth (RIV AONRIV AOB) 
(Anacker and Ordal 1959) 
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Selective Kidney Disease medium/broth (SKDMIKDMB) (Ordal and Earp 1956) 
Ribose Ornithine Deoxycholate (ROD) agar (Rodgers 1992) 
Luria-Bertani (LB) agar/broth 
R1V AOAIRN AOB is designed for the preferential growth of Flavobactrium 
psychrophilum and SKDMIKDMB for the selective growth of Renibacterium 
salmoninarum. ROD is a differential medium for the detection of Yersinia ruckeri. LB 
media is designed to encourage the growth of Escherichia coli. 
2.4.3 Storage of Media 
Agar plates were kept in airtight plastic bags, at 2-8°C. Broths were kept in glass 
bottles, at 2-8°C. The maximum shelf life of all stored media was 6 months. 
2.4.4 Quality Control of Media 
A representative sample of each batch of media was examined for sterility by 
incubation at 37°C for 48h. Before use, each batch of media was checked for its ability to 
support the growth of the following bacteria (Table I) following CEFAS SOP no. 608 
{Appendix 3) for media quality control. 
2.4.5 Prebiotic supplemented media 
Prebiotic solutions containing containing either 0.1% or 1% inulin, lactulose or 
lactitol were prepared in deionised water. Solutions were heated on a halogen hotplate 
(Bibby, U.K.) to dissolve and allowed to cool. Solutions were used within 24 hours. 
Supplemented TSB was prepared using high strength TSB and diluting to standard strength 
(as suggested in the manufacturers instructions) by the addition of the prebiotics solution 
passed through a 0.2Jlm filter, to sterilise. Supplemented R1V AOB and KDMB were 
prepared using standard strength broth. All controls broths were prepared with the addition 
of sterile filtered deionised water. 
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Table 1: Quality control organisms for prepared media 
Media Organism Incubation conditions 
TSA Aeromonas salmonicida 22"C for 48-72h, Aerobic 
MAC Salmonella typhimurium 22"C for 48-72h, Aerobic 
AERO Aeromonas hydrophila 22"C for 48-72h, Aerobic 
PSEU Pseudomonas jluorescens 22"C for 48-72h, Aerobic 
RlVAOA Flavobacterium psychrophilum 15"C for 3-7days, Aerobic 
MRS Lactobacillus sp. 30"C for 48-72h, Aerobic 
RCA Escherichia coli 3 7"C for 48-72h, Aerobic 
SKDM Renibacterium salmoninarum 15"C for 2-5 weeks, Aerobic 
LB Escherichia coli 3 7"C for 48-72h, Aerobic 
ROD Yersinia ruckeri 22"C for 48-72h, Aerobic 
2.4.6 Diluents, storage and quality control 
Unless otherwise indicated, peptone saline was used as a diluent in all studies. This 
was prepared using lg powdered peptone (Oxoid, Basingstoke, U.K.) and 8.5g Sodium 
chloride (Sigma-Aldrich, Poole, U.K.), per litre deionised water. This was stored at 2-S"C 
for up to 6 months in airtight screw-capped glass bottles. 
A representative sample of each batch of diluent was examined for sterility by 
adding an equal amount of Tryptone Soya Broth (TSB) and incubating at 37"C for 48h 
following SOP no. 608 (Appendix 3) for media qualitY control. 
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2.5 BACTERIOLOGICAL STUDIES 
2.5.1 Culture of bacterial isolates 
Bacterial isolates used in all investigations were either, 
I) isolated from fish intestines and stored on MicrobankT" (Prolab Diagnostics, 
U.K.) beads at -80°C, 
2) previously isolated from diseased fish and stored on Microbank"' beads at -80°C, 
3) purchased from National Collection of Marine and Industrial Bacteria (NCIMB, 
Aberdeen, Scotland). 
Bacteria stored on Microbank"' beads at -80°C were revived as follows. At least 2 beads 
were quickly removed from the storage vial (ensuring that the vial did not thaw), and 
placed on a TSA plate. The plate was agitated to roll the beads across the surface of the 
agar and incubated at 22°C for up to 48h. When colonies were large enough to determine 
morphologically that no contamination was present, at least 3 were subcultured to TSA and 
incubated at 22°C for 18-24h. Freeze-dried bacteria purchased from NCIMB were 
reconstituted according to the culture collection's instructions in TSB (followed by 
incubation in a Gallenkamp orbital incubator (Model lNR.251) at 22°C), on TSA (at 
22°C), or both. Colonies were subcultured as previously described. 
2.5.2 Experimental controls 
A O.lml aliquot of the diluent was spread onto a TSA plate using a glass spreader 
dipped in 99% ethanol and flamed, to test for contamination during the experimental 
procedure, and incubated at 22°C. For each experiment a TSA plate was incubated at 
22°C. 
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2.5.3 Avoidance of contamination 
To avoid contamination, such as with airborne microorganisms/DNA all processing 
of intestinal material and bacteriological analysis was carried out in a laminar flow cabinet 
(ICN Flow, U.K.). 
2.5.4 Standard bacteriological analysis 
For bacteriological studies, serial dilutions of intestinal homogenate were prepared 
by adding O.Sml of homogenate to 4.5ml peptone-saline up to a ten thousand fold dilution. 
Using a sterile plastic spreader, 0.1 ml of each dilution was spread onto duplicate TSA 
plates. Plates were incubated in an upright position for 24h at l5°C (aerobically) in crates 
covered with aluminium foil (to prevent interference by light). Plates were then inverted 
and incubated for 14 days unless otherwise indicated. 
TSA plates were read after 7 and 14 days incubation. Dominant bacteria, i.e. those 
bacteria of similar morphology present in the highest numbers, were subcultured onto 
TSA, from which subsequent identification tests were performed (primary tests, BiOLOG 
id and 16S rRNA sequencing, as necessary), and the isolates stored on Microbank n.o beads 
at -80°C, according to the manufacturer's instructions. 
2.5.5 Primary identification of bacteria 
A number of primary tests were carried out to group the isolates prior to secondary 
biochemical testing (BiOLOG) and confirmatory molecular testing (16s rRNA sequence 
analysis). 
a) The morphology of each isolate was noted (size, shape, colour, texture). 
b) A Gram stain carried out (Cowan and Steele 1993) and observed under oil 
immersion (x 1 00). 
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c) A single colony was picked using a glass coverslip, smeared into 20fll of 2% 
hydrogen peroxide on a glass slide, with the formation of bubbles indicating the presence 
of catalase. 
d) An oxidase stick (Oxoid, Basingstoke, U.K.) was used to touch a single colony, 
with a purple reaction indicating the presence of cytochrome oxidase. 
e) Motility was determined by emulsifying a single colony m 20f.LI of sterile 
distilled water on a glass slide, covering with a coverslip and observing under a 
microscope (x20). 
2.5.6 BiOLOG testing 
BiOLOG testing was carried out according to the manufacturer's instructions 
(CEFAS controlled document no.'s 57 and 58) using either GN or GP plates and the 
following scheme: GPR (Gram-positive bacilli, GPC (Gram-positive (cocci), GN-ENT 
(Gram-negative, enteric), GN-NENT (Gram-negative, non-enteric). 
2.5.7 Total Viable Counts 
Following inoculation of broths for growth curve studies, 0.5ml of bacterial 
inoculum was added to 4.5ml sterile PBSa and serial dilutions prepared up to a 10 million-
fold dilution. Drop plates were prepared, using a modified Miles and Misra (1938) 
method, using 1 OOfll inoculum (5x20f.1l), allowed to dry in an upright position at room 
temperature, and then incubated at the appropriate temperature, in an inverted position for 
up to 48h (TSA), 7days (RN AOB) or 10 weeks (K.DMB). Plates with less than 300 
colonies were counted and total viable counts (cfu/ ml) calculated as (number of bacteria in 
0.1 ml x 1 0) x dilution factor. 
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2.5.8 Growth Curves 
Bacterial inocula were adjusted to an OD of 0.2±0.01 units at 550nm using a UV 
2101 PC Scanning Spectrophotometer (Shimadzu, Milton Keynes, U.K.). A volume of 
13.5ml supplemented broth was added to cleaned and sterilised BiOLOG inoculating fluid 
tubes and each tube was set to 100% Transmission on the BiOLOG turbidimeter (Oxoid, 
Basingstoke, U.K.) and marked using a black marker pen (glass in the tubes can be uneven 
and need to be read at the same position). A volume of l.Sml bacterial inoculum was then 
added to appropriately labelled tubes at time point zero (T=O). Percent transmission was 
recorded at T=O. Prior to each reading samples were vortexed and left to settle (to remove 
air bubbles) for 7 seconds and transmission measured. Samples were then im;ubated 
horizontally at 22°C in a Gallenkamp orbital incubator (Model INR.251 ). Samples were 
read at approximately half hourly intervals until the stationary phase was reached (% 
transmission had reached a plateau). At this time point a 1 OJ.!I loopful of inoculum was 
spread on the appropriate medium and incubated at the appropriate temperature, as a purity 
check. Purity plates were incubated at an appropriate temperature for up to 48h {TSA), 
7days (RN AOB) or 10 weeks (KDMB) and deemed pure if all colonies were 
morphologically similar. 
2.5.9 Anaerobic studies 
All plates for anaerobic studies were placed in anaerobic chambers with anaerogen 
or C02gen gas packs (Oxoid, Basingstoke, U.K.), along with Reazurin (Oxoid, 
Basingstoke, U.K.), a chemical indicator of anaerobic conditions and biological controls 
(as described below) and incubated at l5°C. 
TSA plates streaked with Escherichia coli were used as positive controls (growth 
should occur in an anaerobic environment) and TSA streaked with Pseudomonas 
jluorescens were used as negative controls (no growth should occur in an anaerobic 
environment). 
29 
----------
2.6 DISEASE CHALLENGE STUDIES 
2.6.1 Protocol Approval 
Study protocols were prepared m advance and submitted to the ethical review 
process committee at CEFAS, Weymouth for review (Appendix 4). Studies.were carried 
out following approval of the committee. 
2.6.2 Determination of fish health 
Prior to use, fish stocks were examined to confirm freedom from Yersinia ruckeri. 
Ten fish were killed using an overdose of anaesthetic (in excess of lml Benzocaine in 
methanol stock solution/litre water, following CEFAS SOP 238 (Appendix 5), followed 
by destruction of the brain. Kidney/spleen swabs were taken aseptically and streaked onto 
both TSA and Ribose Ornithine Deoxecholate agar (ROD), in that respective order, and 
plates were incubated for 72h at 22"C. Absence of growth was regarded as freedom from 
Yersinia ruckeri. As fish were raised in the experimental facility at CEFAS, Weymouth 
previous exposure to Yersinia ruckeri was not a concern. 
2.6.3 Preparation of challenge inoculum 
A challenge isolate (Yersinia ruckeri (# 95079)) was obtained from the in-house 
laboratory culture collection that had previously been shown to be effective at inducing 
Enteric Redmouth (ERM) disease in fish (Pers. comm. M. Algoet). Its identity was 
confirmed by the presence of a yellow precipitate on ROD agar incubated at 22"C. The 
challenge inoculum was prepared by inoculating a l OOml bottle of TSB with 3 colonies. 
The broth was incubated in a Gallenkamp orbital shaker (Model INR.251) for 24hr at 
22"C, shaking at 140 revolutions/ruin (rpm). Following incubation, a Gram stained smear 
(prepared from the broth) was observed under a compound microscope (at x 1 00) to check 
for contamination. If not contaminated, the broth was centrifuged at 2500xg for 20 
30 
minutes at 4°C (Mistral 3000i centrifuge (MSE, Thermo Life Sciences, U.K.)) and 
resuspended in sterile PBSa by vigorous mixing using a vortex (twice). 
After the second resuspension the OD was adjusted to 0.2 x 10'1 at SSOnm (working 
suspension). This equates to approximately 107 colony-forming units (cfu) per m! or 106 
colony-forming units (cfu) per m! and as 0.1 m! is injected intra-peritoneally (ip) into each 
of the fish this equates to approximately 106 cfulip injected fish. Serial dilutions of 106, 
105and 104 cfulfish were prepared from this concentration. Plate counts were performed on 
TSA plates, using a modified Miles and Misra method (1938) to work out in retrospect the 
true concentration of inoculum injected into the fish. Plates were incubated at 22°C and 
colonies counted and recorded at 24-28h and 44-48h. 
2.6.4 Challenge by intra-peritoneal (ip) injection 
All fish submitted to ip injection were starved for 24h prior to the injection; feeding 
resumed 24h post-injection. Fish were taken from their tanks and transferred to a bucket 
containing 1 m! benzocaine in methanol stock solution/litre tap water and lightly 
anaesthetised, (Stage Il, plane 2 anaesthesia as defined by Brown (1993)). Fish were 
individually transferred to a clean work Tabfe and injected with the appropriate 
. concentration of Yersinia mckeri (in 0.1 ml) for challenged groups, or sterile PBSa for 
unchallenged control groups (for further details see chapter 8), using a sterile lml syringe 
(to give 10 shots) and 25 gauge sterile hyperdermic needle. The intra-peritoneal injection 
site was through the ventral abdominal wall into the peritoneal cavity, one pelvic fin length 
anterior to the pelvic girdle. Injected fish were marked by cutting the caudal fins and then 
introduced to each tank of healthy fish. 
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2.6.5 Virulence of Yersi11ia ruckeri 
Prior to the pre-challenge study, the virulence of the Yersinia ruckeri challenge 
strain was confirmed by ip injecting 5 fish (kept in a 50 litre tank) with the strain at a dose 
of3.3 x 107cfu/fish, and monitoring for 7 days. 
2.6.6 Measurements, Observations, Samples and Records 
All tanks were observed for any sign of mortality every day around 16:00 or shortly 
after. All dead fish were removed from the tank. Any mortality was recorded on the tank 
data sheet and it was noted whether the dead fish was clipped or not. Any dead cohabitant 
(unclipped) was sampled and its kidney swabbed onto TSA and ROD plates. Plates were 
incubated at 22°C and observed for 72h for Yersinia ruckeri growth. The plates were 
recorded as positive if typical Yersinia ruckeri colonies were observed within 72h. The 
cause of specific mortality was confirmed in 10% of fish, using a rapid agglutination kit 
(Mono-Yr) for the identification of Yersinia ruckeri (Bionor A/S, Norway). These fish 
were randomly selected and the plates kept at 4°C until the test was carried out. A study 
diary was maintained in which progress of the study and relevant observations were 
recorded daily. 
2.7 MOLECULAR METHODS 
2. 7.1 Avoidance of contamination 
All DNA extractions and PCR reactions were carried out in a 'Purifier PCR 
enclosure' (Labconco, U.S.A.) and where possible, all reagents and equipment were 
autoclaved at 121 oc for 15min and exposed to UV light prior to, and after use, for 5min 
using the UV lamp in the Purifier PCR enclosure. 
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2.7.2 Negative and positive controls 
Both negative (sterile molecular grade water) and positive (Yersinia ruckeri) 
controls were used for each amplification. This was in order to determine the effectiveness 
ofUV irradiation and aseptic technique in minimising contamination and to each PCR was 
amplifying as expected. 
2. 7.3 Extraction of bacterial DNA from intestinal samples 
2. 7.3.1 DNAzol Extraction 
Pellets (prepared as described m section 2.2) were first defrosted at room 
temperature, if stored frozen, then resuspended in IOOJ.!l of ice cold PBSa using a vortex. 
One millilitre ofDNAzol (Life Technologies, U.K.) was added to each sample, which were 
then inverted 5 times to mix and left to stand for 3-5mins. Samples were centrifuged at 
I OOOOrpm for 1 Omins in a microcentrifuge (' Biofuge Pico', Heraeus Instruments, U.K.). 
One millilitre of the supematant was transferred to a fresh 1.5ml microtube containing 
0.5ml of 99.9% ethanol, samples were inverted 5 times to mix and left to stand for 3-
5mins. Samples were centrifuged at 13000rpm for 30mins in a microcentrifuge to 
sediment the DNA. Supematant was removed using a pipette taking care not to aspirate 
the pellet.. A 0.5ml volume of 70% ethanol was added and the tubes inverted twice. 
Samples were then centrifuged for 20mins at 13000rpm in a microcentrifuge to pellet the 
DNA. The ethanol was aspirated and tubes were left open in the PCR enclosure for the 
remaining ethanol to evaporate. Pellets were redissolved in 250J.!I sterile distilled water 
and heated in a hotblock for 5mins at 65°C and vortexed for 30s. Fifty microlitre aliquots 
were stored at -20°C. 
2. 7.3.2 DNAzol Extraction with lysozyme pre-treatment 
A 50mg/ml lysozyme solution was prepared u~ing 0.025g powdered lysozyme 
dissolved in 0.5ml Glucose/Tris/EDTA (GTE, Appendix 1). The solution was mixed using 
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a vortex mixer. Pellets (prepared as described in section 2.2) were resuspended in lOOf.ll 
lysozyme solution and incubated at room temperature for lOmin prior to DNAzol treatment 
as described above (section 2.7.3.1) 
2. 7.3.3 Proteinase K digestion met/rod 
Pellets (prepared as described in section 2.2) were first defrosted at room 
temperature, if stored frozen, then resuspended in 567f.ll TE buffer by pi petting the sample 
up and down. Thirty microlitres of 10% SDS (to lyse the bacterial cell walls) and 3f.ll of 
20mg/ml Proteinase K (Boehringer Mannheim, U.K.) were added to give a final 
concentration of I OOfJ.g/ml Proteinase K in 0.5% SDS. Samples were mixed thoroughly 
using a vortex and incubated overnight at room temperature in a KS 125 basic bench top 
shaker (IKA Labortechnic) (Cam lab, U.K.). Sixty micro litres of 3M Sodium Acetate (Ill 0 
volume) was added and an equal volume of phenol/chlorofonn/isoamyl alcohol (660f.ll). 
Samples were mixed using a vortex and centrifuged for 20mins at 13000rpm in a 
microcentrifuge. fA 400f.J.l volume of supematant was transferred to a fresh 1.5ml 
microtube and an equal volume (400f.ll) of isopropanol added to precipitate the nucleic 
acids. Samples were shaken back and forth manually then centrifuged at l3000rpm for 
20mins in a microcentrifuge to pellet the precipitate. Supematant was removed using a 
pipette taking care not to aspirate the pellet. A 0.5ml volume of 70% ethanol was added 
and the tubes inverted twice. Samples were then centrifuged for 20mins at 13000rpm in a 
microcentrifuge and tubes were left open for the remaining ethanol to evaporate. Pellets 
were redissolved in 250f.J.I sterile distilled water and heated in a hotblock for 5mins at 65°C 
and vortexed for 30s. Fifty micro litre aliquots were stored at -20°C. 
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2. 7.3.4 Spin Stool (DNAce) Kit (Bioline, U.K.) 
Pellets (prepared as described in section 2.2) were first defrosted at room 
temperature, if stored frozen, then resuspended in TE buffer. Extractions were performed 
according to the manufacturer's instructions (Bioline). 
2.7.4 Extraction of DNA from bacterial cultures 
For each bacterium, lOOml TSB (in 250ml flask stoppered with cotton wool and a 
foil cover) was inoculated with cells from three isolated colonies and incubated in an 
orbital shaker for 18-24h at 22°C. Each broth was split between two 250ml sterile 
centrifuge tubes and centrifuged. The supematant was poured off, pellets were 
resuspended in !Oml sterile PBSa by mixing with a vortex and the samples were 
recentrifuged at 2500rpm for 20min. The supematant was poured off and pellets were 
resuspended in sterile peptone saline to achieve an optical density of 1.25 at 540nrn using a 
UV21 0 I PC Shimadzu scanning spectrophotometer (Shimadzu Europa, Milton Keynes, 
U.K.). Fifteen millilitres of each sample was centrifuged at 3000rpm for 30min, 
supematant was poured off, and pellets were resuspended in 0.5ml sterile molecular grade 
water and then transferred to sterile 1.5ml microfuge tubes. Samples were centrifuged at 
lOOOOrpm for lOmin in a microcentrifuge. Supematant was carefully removed using a 
pipette and resuspended in 1 001!1 sterile molecular grade water. Bacterial DNA was 
extracted from the cells using the DNAzol method. DNA templates were aliquoted and 
stored at -20°C. 
2. 7.5 Extraction of DNA from bacterial colonies 
A sterile 200~tl pipette tip was used to remove a small number of cells from a single 
bacterial colony cultured on a TSA plate. The colony portion was emulsified in 121!1 
molecular grade water in a 0.5ml plastic microtube by pipetting up and down. Bacterial 
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cells were lysed by heatshock (heating on a hotblock at 94°C for 5min then immediately 
placing on ice). 
2.7.6 Measurement of DNA concentration 
DNA concentration was measured using a UV 1101 Biotech Photometer (Jencons, 
U.K.). A Hellma® precision glass cuvette (Jencons, U.K.) with a light path of 10mm was 
cleaned prior to use using sterile molecular grade water. The reference value was set to 
zero using sterile molecular grade water. The absorbance of samples at 260 and 280nm 
was measured (260 = concentration of DNA, 280 = Purity of DNA). DNA concentration 
was calculated as follows: 
DNA concentration (ng/Jl,l) = 
Mean (260) x 50 (1.0260=50Jl.g/ml (50ng/Jl.l)) x (dilution factor) 
2.7.7 Amplification of the 168 rRNA gene 
2. 7. 7.1 Primers 
For colony identification, 16S rRNA universal primers designed to anneal to the 
conserved region of the 16S rRNA gene were selected from those cited in the literature 
(Suau et al. 1999). Primers designed to generate a 529 base pair product, corresponding to 
nucleotides 8-536 ofthe 16SrRNA were selected: 
S-D-Bact-0008-a-S-20 (5' AGA GTT TGA TCCC TGG CTC AG 3'), which targets the 
domain Bacteria (16S F) 
S-*-Univ-0536-a-A-18 (5' GWA TTA CCG CGG CKG CTG 3'), which is universal (16S 
R) 
For tRFLP and RFLP analysis universal primers were selected from those cited in 
the literature (Marchesi et al. 1998). Primers were designed to generate a 1324 base pair 
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product, corresponding to nucleotides 63-1387 of the 16SrRNA: For tRFLP analysis, 
primers were labelled with the fluorescent markers F AM and HEX. 
63F (5'- CAG GCC TAA CAC ATG CAA GTC-3') (forward primer) 
1387R (5'- GGG CGG WGT GTA CAA GGC-3') (reverse primer) 
2. 7. 7.2 PCR reacti011 (colony identification) 
A standard PCR reaction to amplifY the 16S rRNA gene was optimised by Alyson 
Sheppard as part of a standard service provided within the virology and molecular genetics 
team, CEFAS, Weymouth. The reaction mixtures contained 34f.ll sterile molecular grade 
water, 5f.ll lx reaction buffer, 4f.Ll Magnesium chloride (2mM}, 0.5f.ll deoxyribonucleotide 
triphosphate (dNTP's, 200 f.LM) and 0.5f.ll each primer (50pmoVf.ll each). All reaction 
tubes were prepared as aliquots of a mastermix of these components. Five micro litres of 
template from a bacterial colony, as previously described, was then added to a reaction 
mixture and a hotstart at 94°C for lOmin (in a PTC-225 Peltier themocycler (MJ Research 
Inc., Massachusetts, U.S.A.), to denature the DNA, was followed by the addition of 0.5f.ll 
Taq polymerase (enzyme activation) to give a total reaction volume· of 50f.ll. 
Subsequently, 35 cycles of the following were carried out: denaturation at 94°C for lmin, 
annealing at 55°C for lmin and elongation at 72°C for 2min, with a final elongation at 
noc for 1 Omin. 
2. 7. 7.3 PCR reaction (RFLP, tRFLP) 
The 16S rRNA PCR reaction for colony identification was optimised for use with 
intestinal samples, as described in chapter 4. This was necessary to minimise 
contamination and to increase the strength of the PCR product. All parameters of the 
reaction were as described above for colony identification, with the exception that 
templates were prepared using either the DNAzol or proteinase K DNA extraction 
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methods, and unless otherwise described, the PCR reaction was performed using 30 PCR 
cycles and an annealing temperature of 57°C. 
2.7.8 Gei!UV visualisation 
A 1% agarose gel was prepared by adding lg agarose to lOOm! TAE buffer on a 
500ml glass bottle. The lid was loosened and the agar melted in a microwave at full power 
until clear, swirling occasionally. The agar was allowed to cool slightly then 2 drops of a 
commercial ethidium bromide solution (0.625mg/ml) (BDH, U.K.) was added and the agar 
was poured into a gel tray with the appropriate combs in place. Once the gel was set the 
combs were removed and the gel transferred to an electrophoresis tank, containing enough 
T AE buffer to cover the gel wells. 
To the outer lanes of the gel 12!-ll of 1 OObp ladders was carefully added. To the 
remaining wells approximately 7!ll of 6x loading buffer was mixed with 35/ll of PCR 
product and loaded. The gel was run at 120V for 25min. Remaining PCR products at 
were stored at-20°C. DNA was visualised under UV transilluminator (UVP, U.K.) and gel 
photos printed and saved. 
Using a TR-312 A UV transilluminator (Spectroline, U.K.) the gel was visualised 
under UV light and the band of interest cut out, using a scalpel blade. As thin a slice as 
possible was removed (as quickly as possible to minimise damage to the DNA), and placed 
into a l.Sml microcentrifuge tube. Gel fragments were then either purified as described 
below or stored at -20°C until required. 
2.7.9 Purification of DNA 
DNA was purified using the Geneclean™ Spin kit (Bio 101) (Anachem, Beds, 
U.K.), which causes DNA to bind to the silica beads contained in the glassmilk (supplied 
in kit). Five hundred microlitres of binding solution (6M Sodium iodide, supplied in kit) 
was added to the gel fragments, which had been thawed if frozen. Samples were incubated 
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at 60°C in a hotblock for approximately 1 Omin until the agarose was completely dissolved. 
A volume of 20j!l g1assmilk was added and each tube was shaken by hand and allowed to 
cool at room temperature for Smin. Samples were centrifuged for lmin at 13000rpm in a 
microcentrifuge and the supematant was discarded. Each pellet was resuspended in 500j!l 
GC Spin New Wash (supplied in kit), using a vortex mixer. Again, samples were 
centrifuged for 1 min at 13000rpm in a microcentrifuge and the supematant discarded. 
Samples were washed twice more in GC Spin New Wash as described, centrifuged briefly 
at 13000rpm and any remaining wash removed. 
The glassmilk was resuspended in 23j!l of molecular grade water and incubated at 
60°C for l-2min. Samples were centrifuged for 2min at 13000rpm and the supematant' 
transferred to a fresh O.Sml microtube (approximately 221!1). Following an additional 
centrifugation step for lmin at 13000rpm 1 Oj!l supematant was transferred to each of two 
O.Sml microtubes. Eluted DNA was stored at -20°C until required or further processing 
carried out. 
2. 7.10 Ligation of DNA into plasmid 
Purified DNA was ligated into the pGE~-T cloning vector (Promega, U.K.) using 
the manufacturer's recommended protocol. Frozen reagents were defrosted at room 
temperature. A mastermix was prepared containing Sj!l cloning buffer, which thoroughly 
mixed prior to use, 11!1 pGEMT® cloning vector and 11!1 ligase per sample and distributed 
into O.Sml microtubes. Three microlitres of purified DNA was added and mixed by gently 
flicking. Tubes were closed, centrifuged briefly at 13000rpm and then incubated at room 
temperature for at least I h. 
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2.7.11 Transformation 
Transformation of competent E. coli cells (Promega, U.K.) was as follows. 
2. 7.11.1 Preparation ofX-galiiPTG plates 
LB agar supplemented with ampicillin (LB amp) was prepared by melting 200ml 
LB agar in a microwave, cooling until hand hot and adding 2ml of a lOmglml solution of 
ampicillin (0.2g ampicillin in 20ml molecular grade water, stored at -20°C and thawed 
prior to use). Approximately 30m1 agar was poured into sterile 90mm Petri dishes, air 
bubbles were removed by passing over a bunsen flame and plates were allowed to set with 
lids ajar. A mastermix of20J..!I of500mM IPTG and 20J..!I50mglml X-gal was prepared per 
sample. Forty micro litres of the solution was spread over the surface of an LB amp plate, 
using a glass rod sterilised by alcohol flaming. Where a large number of clones were 
required, standard bioassay plates (245mm square) were prepared using 200ml LB amp per 
plate. A mastermix of lOOJ..!l of 500mM IPTG and lOOfll 50mglml X-gal was prepared per 
sample and two hundred microlitres of the solution was spread over the surface of an LB 
amp plate, using a glass rod sterilised by alcohol flaming. All plates were dried for lOmin 
at 37°C. 
2. 7.11.2 Heat-shock 
If previously frozen, tubes containing ligation reactions were thawed at room 
temperature and centrifuged briefly at 13000rpm. Three microlitres of each sample was 
added to separate 1.5ml microtubes kept on ice. Competent E.coli cells were defrosted on 
ice until just thawed (approximately 5min) and mixed by gently flicking. An aliquot of 
50fll cells was added to each microtube and mixed by gently flicking. Reactions were held 
on ice for 20-60min. Cells were heat shocked by placing microtubes in a 42°C hotblock 
for 1 min and returning to ice for 2min. Fifty microlitres of transformation culture was 
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added to a standard X-gal!IPTG plate (90mm) and spread over the surface using a glass rod 
sterilised by alcohol flaming. Plates were incubated at 37°C overnight. 
2. 7.11.3 Electroporation 
Electroporation was carried out on a BioRad GenePulser®II (BioRad, U.K.). The 
electroporation chamber and cuvettes were chilled on ice prior to use. If previously frozen, 
tubes containing ligation reactions were thawed at room temperature and centrifuged 
briefly at l3000rpm. One microlitre of each sample was added to separate 1.5ml 
microtubes kept on ice. Sure® electroporation competent cells (Stratagene, U.K.) were 
thawed on ice then 40p.l of cells were gently mixed (by flicking the microtube) with the 
sample of recombinant plasmid DNA and added to an elecroporation cuvette, tapping 
gently to ensure the mixture settles evenly to the bottom. The cuvette was positioned in 
the electroporation chamber to connect with the electrical contacts. The sample was pulsed 
once at the following settings: Applied volts -1.7kV (Field strength - 17kV/cm), 
Resistance - 2000, Capacitance - 25p.F. The cuvette was immediately removed from the 
chamber, 959p.l LB broth was added to resuspend the cells and then the sample was placed 
on ice. The lml transformation culture was added to large X-gal!IPTG plates and spread 
over the surface using a glass rod sterilised by alcohol flaming. Plates were incubated at 
37°C overnight. 
2. 7.11.4 Differelltiation of bluelwllite colo11ies 
Transformation plates were examined for the presence of white colonies 
(containing the insert). Plates with a number of pale blue colonies (no insert) were 
incubated at 4°C for at least 3h for the colour to develop further. 
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2. 7.1 1.5 Overnight culture of clones 
Approximate I Oml aliquots of LB broth containing O.I mg/ml ampicillin (2m1 of 
10mg/ml ampicillin solution in 200ml LB broth) were poured into disposable plastic sterile 
universal tubes. A selection of white colonies were picked by stabbing pipette tips into 
well-isolated colonies and adding to 10ml ofbroth (leaving the tip in the universal). Tubes 
were incubated with shaking for 16-24h at 37°C. Cultures were either stored at 4°C or the 
E. coli cells were lysed to release the DNA using an alkaline lysis step (section 2. 7 .12). 
2. 7.12 Alkaline lysis 
In this procedure E.coli cells were lysed to release both chromosomal and plasmid 
DNA. Chromosomal DNA aggregate with cell debris and plasmid DNA and RNA remain 
in solution and were precipitated with ethanol. RNA was then digested using RNase. One 
and a half millilitres of culture was poured into a l.Sml microtube and centrifuged at 
13000rpm for 1 min. The supernatant was removed completely using a pipette or vacuum 
pump. Pellets were resuspended in I OOJ.!I Solution I (Appendix 1) and incubated at room 
temperature for Smin. Two hundred microlitres of Solution ll (Appendix l) was added and 
mixed by inversion of tubes. One hundred and fifty microlitres of Solution Ill (Appendix 
I) was added and mixed well. Samples were centrifuged for 20min at 13000rpm to pellet 
the cell debris and chromosomal DNA. The aqueous phase supernatant was transferred to 
a fresh tube containing Iml of96% ethanol. Samples were then mixed well using a vortex 
and incubated at room temperature for 2min to precipitate the nucleic acids. Plasmid DNA 
and RNA was pelleted by centrifugation at I3000rpm for IOmin. Supematant was tipped 
off, lml of 70% ethanol added to dissolve any salts and samples were recentrifuged.at 
13000rpm for Smin. Supematant was completely removed using a pipette or vacuum 
pump and samples were dried for 2min in a 37°C hotblock. Pellets were resuspended in 
60J.!I molecular grade water and either stored at -20°C or treated with IJ.!I RNAse 
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(1 Of.lg/f.ll), incubated for a minimum of I h at 37°C, and digested with EcoRl (section 
2.7.13). 
2. 7.13 Digestion of plasmid using EcoRI 
Following RNAse treatment described above I Of.ll of each sample was transferred 
to a fresh 0.5ml microtube (remainder was stored at -20°C). A mastermix was prepared 
containing lf.tl EcoRl, 2f.ll IOx buffer H (defrosted and thoroughly mixed) and 71-!1 
molecular grade water per sample. Ten microlitres was added to each sample and these 
were then incubated for at least 45min at 37°C. Digests (201-!1 + 4~-Ll loading buffer) were 
run on a 2% agarose gel at I OOV for 20min. 
2.7.14 DNA sequencing 
Both DNA strands (forward and reverse) were sequenced using Ml3 universal 
sequencing primers and the ABI PRISM® Bigdye terminator cycle sequencing system 
(Applied Biosystems, U.K.). Two 0.2ml PCR tubes were labelled for each sample. A 
mastermix containing 41-!1 Big Dye Buffer (supplied in kit), 2111 of either the forward or the 
reverse Ml3 primers (5pmoUf.ll) and 4~-Ll Big Dye Terminator (supplied in kit) per sample. 
Ten microlitres of mastermix was added to 101-!1 template digested with RNase (section 
2.7.12) and reactions were covered with approximately 20111 of mineral oil. 
Samples were run in a PTC-225 Peltier thermocycler (MJ Research Inc., 
Massachusetts, U.S.A.). Initial denaturing at 94°C for 30s was followed by 30 cycles of, 
96°C for I Os, 50°C for I Os and 60°C for 4min. Samples were stored at 4°C. To fresh 
1.5ml microtubes, 701-!1 of molecular grade water, I 0111 3M Sodium acetate 2501-!1 of 96% 
Ethanol and 20111 reaction product (taking care not to carry over mineral oil) were added. 
Samples were mixed well and centrifuged for 20min at 13000rpm. Ethanol was carefully 
removed using a pipette or vacuum pump and samples were washed with 200111 of 70% 
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ethanol and recentrifuged for Smin at 13000rpm. Again, the supernatant was carefully 
removed and 30!!1 of template suppressor reagent added. A change in the manufacturer's 
recommendations meant that halfway through the project sequencing protocols changed 
slightly and template suppressor was replaced with deionised formamide. DNA was 
denatured at 60°C for 2mins. Samples were transferred to sequencing tubes (ABI PRIS~ 
310 Genetic Analyser) or to wells in a microplate (ABI PRISM® 3100 Genetic Analyser) 
and stoppered. Sequencing reactions were analysed on either an ABI PRIS~ 310 
Genetic Analyser or ABI PRISM® 3100 Genetic Analyser using the sequencer software. 
2.7.15 16s rRNA sequence analysis (colony identification) 
16S rRNA amplification products were obtained using DNA extracted from 
bacterial colonies. 16S rRNA products were amplified as previously described, purified 
using the Geneclean® (Bio 101 inc.) kit (Anachem, U.K.), then both DNA strands were 
sequenced using M13 universal sequencing primers and the ABI PRIS~ Bigdye 
terminator cycle sequencing system (Applied Biosystems, U.K.). Sequencing reactions 
were analysed on an ABI PRISM® 310 Genetic Analyser using the sequencer software. 
2.7.16 Identification of bacteria from 16s rRNA gene sequences 
16s rRNA gene sequences were compared with sequence data deposited in 
GenBank and EMBL, using the BLAST search program available at the U.K. HGMP 
Resource Centre, Hinxton (http://menu.hgrnp.mrc.ac.U.K./cgi-binlblast) and with sequence 
data held at CEFAS. Sequences matches showing high identity scores (98% and above) 
were considered to be acceptable. 
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2. 7.17 Enzyme digestion for GeneScan TM analysis (tRFLP analysis) 
Following the amplification of 16S rRNA gene sequences usmg fluorescent 
labelled primers, 63FF AM and 1387RHEX (chapter 4, section 4.4.2.1 ), purified DNA was 
digested using Haem, Alul, Hhal, or Mbol (unless otherwise indicated). A mastermix 
containing 7111 molecular grade water, 2111 appropriate buffer (supplied) and 1111 enzyme 
per sample was aliquoted to O.Sml microtubes and 10111 of purified DNA added. Samples 
were incubated at 37°C for at least 3h (usually) overnight. Ten microlitres of digest 
(mixed with 211Iloading buffer) was run on a 2% agarose gel at lOOV for 20min to ensure 
the digestion was successful. 
2.7.18 tRFLP analysis 
16S rRNA gene PCR products were purified using the Geneclean® (Bio 101 inc.) 
kit and digested with Mbol and Haem. Digestions were carried out in a total volume of 
20111 using 10111 purified PCR product, 2J.LI enzyme buffer, 7J.1l molecular grade water and 
lJ.!I enzyme. Samples were digested for a 'minimum of 3h (usually overnight) at 37°C. 
One microlitre of each digest was added to 27J.1l formamide, 2J.LI Rox500 standard and 
denatured at 94°C for 2min. Samples were loaded onto the ABI PRIS~ 310 Genetic 
Analyser and analysed using the GeneScan ™ software. Tables 2, 3 and 4 describe 
GeneScan TM parameters for running samples and analysis. The TRFLP matrix and tRFLP 
analysis parameters were optimised by Katherine Auger as part of a standard service 
provided by the virology and molecular genetics team, CEFAS, Weymouth. 
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Table 2: GeneScan TM run parameters 
Injection Injection Run Run Run Time Matrix File Auto-analyse 
(sec) (KV) (KV) ("C) (mins) 
20 15 15 60 60 TRFLP matrix 
(Table 3) 
Table 3: tRFLP matrix 
B 
G 
y 
R 
B 
1.000 
0.8422 
0.5518 
0.2298 
Table 4: tRFLP analysis parameters 
G 
0.8608 
1.0000 
0.8070 
0.6337 
y 
0.0197 
0.2962 
1.0000 
0.6050 
R 
0.0014 
0.0084 
0.1530 
1.0000 
Analysis Range Size Call Range 
This range (data points) This range (base pairs) 
Start 0 Min 50 
Stop 18000 Max 550 
Data Processing - Baseline M in Peak Half Width- 3pts 
No 
Smooth Options - Heavy Size Calling Method - Local Southern Method 
Peak Detection Split Peak Correction - None 
B 300 G 50 Correction Limit- 30 data points 
Y 25 R 300 
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2.7.18 GeneScan TM analysis of digests (tRFLP analysis) 
A masterrnix of2Jll ROX500 size standard and 27Jll forrnamide or HiDi forrnamide 
was prepared per sample and aliquoted into sequencing tubes. One microlitre of digest 
was added, lids were secured and samples were centrifuged briefly up to a maximum of 
4000rpm. DNA was denatured at 94°C for 5mins. Sample tubes were loaded into the ABI 
PRISM® 310 Genetic Analyser and GeneScan TM profiles obtained using the parameters 
listed above. 
2.7.19 RFLP analysis 
16S rRNA gene amplification products of approximately 1324bp were obtained for 
each sample using the unlabelled primers 63F and 1387R (chapter 4, section 4.4.2.1) and 
the optimised PCR for tRFLP analysis. Amplified products were purified using the 
Geneclean® (Bio 101) kit, ligated into the pGEM®-T cloning vector (Promega, U.K.) and 
transformed into competent E. coli cells (Promega, U.K.) as previously described. 
A selection of clones (white colonies) was subcultured to fresh LB plates 
supplemented with ampicillin and grown at 37°C overnight. From these stock plates each 
clone was cultured in approximately lOml LB broth supplemented with ampicillin (37°C 
overnight shaking culture). Plasmid DNA was isolated from the E.coli cells using an 
alkaline lysis step and then digested with Haem as an initial screen. Haeiii restriction 
digests were run on a 2% agarose gel, grouped and a further gel run with grouped samples 
in adjacent lanes. Plasmid DNA samples were then digested with Hhal and regrouped as 
necessary. Representatives from each group and fish gut sample were sequenced and 
identified from sequences deposited in Genbank, EMBL and in-house databases, as 
previously described. 
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CHAPTER3 
DEVELOPMENT OF A SAMPLING AND PROCESSING PROTOCOL FOR THE 
INVESTIGATION OF THE INTESTINAL MICROFLORA OF RAINBOW TROUT 
(ONCOHRYNCHUS MYKISS) USING CONVENTIONAL MICROBIOLOGICAL 
TECHNIQUES 
3.1 GENERAL INTRODUCTION 
Before an investigation of normal micro flora could commence, an attempt to defme 
optimal conditions for isolation and growth was essential. This needed to take into account 
the fact that, although no real single optimum could exist for the range of microorganisms 
present in the fish gut, a standard would have to be chosen to enable comparisons to be 
made. Criteria examined included, selection of a diluent to aid maximal recovery of 
bacteria whilst minimising multiplication, selection of an incubation temperature to ensure 
optimum recovery of bacteria (at a growth rate that allowed for the isolation of as many 
types of bacteria as possible) and the selection of a method of homogenisation to provide 
ease of use, reduce potential contamination and minimise exposure to air which could 
compromise the culture of anaerobic bacteria. 
These selected optima could have been defined arbitrarily from published data, but 
it was felt strongly that attempts should be made to provide an experimentally justified 
basis for selection of parameters that would define the limits of the study. Studies were not 
designed to produce statistically quantifiable results but to determine how different 
methods would handle and perform within the laboratory. It should be pointed out that the 
amount of data generated and the work involved to sample a single fish is such that given 
the time constraints of the project a greater number of fish could not be tested. Therefore, 
a series of preliminary studies were carried out in order to identify the optimal techniques 
and conditions for the main identification programme and these techniques have then been 
applied throughout the project. 
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3.2 SAMPLE SITE SELECTION 
3.2.1 Introduction 
Rainbow trout were chosen as an experimental model for the project as they 
account for a significant proportion of the U.K. aquaculture market. The first objective 
was to define procedures for aseptic sampling of the intestine and to select regions of the 
intestine for further study. 
3.2.2 Materials and methods 
Two rainbow trout were obtained from stock tanks within the tank facility of 
CEFAS, Weymouth. One rainbow trout was approximately l50g in size and one rainbow 
trout fry was approximately I Og. The intestines of the two fish were removed aseptically 
(as described in chapter 2, section 2.2), from the entrance to the stomach to approximately 
I cm to the anterior of the anus and placed into a sterile Petri dish. 
3.2.3 Results and Conclusion to Section 3.2 
It was appropriate to look at two sizes of fish to confirm sample site and ensure 
sufficient quantities of material. The larger fish were used for general investigations of the 
intestinal microflora. Challenge studies (chapter 8) were more appropriately carried out in 
smaller fish due to the size and availability of tanks. 
Although the selection of a sample site was somewhat arbitrary, a site 
approximately l cm to the anterior of the anus was chosen. As the fermentation of non-
digestible substrates by bacteria occurs in the lower intestine in humans (Crittenden 1999) 
it seemed reasonable to use this section of intestine as a sample site in fish. As discussed 
previously, it appears that the fermentation of substrates does occur in the lower intestine 
of fish (chapter I, section 1.4.3). In addition, haemorrhaging at this site has been described 
in fish infected with Yersinia rnckeri, the causative agent of Enteric Redmouth disease 
(Inglis et al. 1993), which suggests a possible route of entry for the pathogen. 
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Figure 1 a illustrates the digestive system of a rainbow trout of approximately 150g 
and the proposed sample site. A diagrammatic representation is presented in Figure lb. 
Intestinal content was removed from the intestine and it was noted that this consisted of 
both digested and partially digested food pellets and mucus. 
Figure la: Digestive system of a rainbow trout 
Anus 
Sample 
site 
• 
Lower 
intestine 
Upper 
intestine 
Pyloric 
caecae 
Stomach 
Figure 1 b: Diagrammatic representation of the digestive system of a rainbow trout 
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3.3 SELECTION OF A DILUENT 
3.3.1 Introduction 
Various methods have been employed to investigate the intestinal microflora of a 
range of fish species (for example, Nieto et al. 1984; Sugita et al. 1985; Muroga et al. 
1987; Austin and Al-Zahrani 1988; Andlid et al. 1995; Nedoluha and Westhoff 1997; 
Gonzalez et al. 1999; Spanggaard et al. 2000). One factor that varies between authors in 
their sampling method is the type of diluent used to homogenize intestine/intestinal content 
and to prepare serial dilutions. In a number of studies the diluent seems to have been 
chosen arbitrarily. The exception was Austin and AI-Zahrani (1988) who carried out 
preliminary investigations prior to selection of a diluent in order to recover the highest 
possible numbers of bacteria. Consideration suggests that diluents may affect the recovery 
of bacteria and have a major influence on the results. For example, where viable counts 
are of interest, a diluent should not act as an enrichment broth as this could give a false 
indication of certain populations of bacteria present in the intestine. Therefore, in this 
study, diluents such as tryptone soy broth, nutrient broth, and brain heart infusion were not 
tested. 
The objective of this study was to carry out preliminary investigations using a 
number of diluents to highlight any differences in the recovery of organisms from the 
content of the intestine and to find one that was practicable. Total viable counts will show 
which diluents ensure maximal recovery of bacteria without multiplication. In addition a 
comparison of drop plates and spread plates was carried out. 
3.3.2 Materials and methods 
3.3.2.1 Dilue11ts 
A number of diluents were selected based on their use in previous investigations of 
the fish intestinal microflora and those used in-house for microbiological surveys. The 
following diluents were prepared and tested: 0.1% peptone was prepared using powdered 
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peptone (Oxoid, Basingstoke, U.K.), Phosphate Buffered Saline (PBSa) pH 7.2 was 
prepared from PBSa tablets (Oxoid, Basingstoke, U.K.), deionised tap water with a 
conductivity of <l011S (processed in-house using an ELGA water purifier, Yeolia Water 
Systems, U.K.), 0.85% saline was prepared using Sodium chloride (Sigma-Aldrich, Poole, 
U.K.) and peptone-saline was prepared using lg powdered peptone (Oxoid, Basingstoke, 
U.K.) with the addition of 8.5g Sodium chloride per litre (Sigma-Aldrich, Poole, U.K.). 
Deionised tap water was used to prepare diluents, which were then sterilised by 
autoclaving at 121 oc for 15mins. 
3.3.2.2 Storage of diluents 
PBSa, deionised water, 0.85% saline were stored at room temperature for up to 6 
months, in airtight screw-capped bottles. 0.1% peptone and peptone-saline was stored at 2-
80C for up to 6 months in airtight screw-capped bottles. 
3.3.2.3 Experime11tal co11tro/s 
An aliquot of O.lml of each diluent was spread onto TSA using a sterile glass 
spreader to test for contamination during the experimental procedure and incubated at 
22°C. For each experiment, an additional uninoculated TSAIMAC plate was incubated at 
22°C. 
3.3.2.4 Sampli11g a11d processing 
The intestines from five rainbow trout (Fl-F5) were removed aseptically as 
previously described. Using a sterile scalpel blade the intestinal contents of the entire 
lower intestine were squeezed out onto a sterile Petri dish and transferred aseptically into a 
sterile 5ml glass bijoux bottle. The sample was homogenised for lmin using a vortex 
mixer. Using a Sartorius digital balance 200mg ±5mg aliquots of the homogenate were 
weighed into sterile 5ml glass bijoux bottles. A ten-fold volume of diluent was added and 
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the sample homogenised for 1 min using a vortex mixer. Serial dilutions were prepared by 
adding 1ml of homogenate to 9ml diluent up to a dilution of one hundred thousand-fold. 
For each dilution, 
a) 0.1 ml volumes were spread onto a single TSNMAC plate using a glass 
spreader dipped in 99% ethanol (VWR, Poole, U.K.) and flamed 
(spread). 
b) 5 x 20JLl drops placed onto a single TSNMAC plate using a Gilson 
pipette and allowed to dry in an upright position (drop). 
All plates were incubated in an inverted position at 22°C. Plates were examined for growth 
and colonies counted at days 2,3,7,15, 21 and 28. 
3.3.3 Results 
A comparison oftotal viable counts (day 28) of intestinal bacteria using two plating 
techniques on TSA and a range of diluents are shown in Tables 5 and 6. Results from 
MAC agar are shown in Tables 7 and 8. Colonies of differing morphologies, isolated from . 
MAC agar, were subcultured to TSA. No additional colony types were noted \Vhen using 
MAC agar. Colony morphologies were comparable between diluents and between fish 
with the following exceptions. A high number of cream, circular colonies were isolated 
from fish 3 (TSA), but not from the remaining fish. The most common colony type 
(cream, rosette shaped, dry, peaked) was isolated from all TSA plates, except fish 1 when 
using deionised water. Although data from control plates has not been presented, a small 
number of yellow colonies were isolated in all controls, except deionised water, at some 
point during the study (though not consistently). Gram stains revealed these yellow 
colonies to be Gram-positive cocci. 
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Table 5: Total viable counts for diluent study (fish 1-5, spread plates, TSA) 
Diluent Dilution F1 F2 F3 F4 F5 
Peptone-Saline Neat 19 18 TMTC 24 35 
10"' 6 11 TMTC 9 10 
0.1% Peptone Neat 9 21 TMTC 32 41 
10"' 3 4 TMTC 9 16 
PBSa Neat 14 37 TMTC 42 46 
10"' 3 14 TMTC 14 
0.85% Saline Neat 16 27 TMTC 17 18 
10"' 4 6 TMTC 5 13 
Deionised H20 Neat NR 26 TMTC 15 34 
10"' 56 3 TMTC 15 9 
NR=No result. TMTC=Too many to count 
Table 6: Total viable counts for diluent study (fish 1-5, drop plates, TSA) 
Diluent Dilution Fl F2 F3 F4 F5 
Peptone-Saline Neat 9 19 TMTC 20 42 
10"' 5 9 TMTC 8 7 
0.1% Peptone Neat 27 15 TMTC 23 26 
10"' 9 6 TMTC 14 14 
PBSa Neat 14 18 TMTC 19 30 
10"' 5 9 TMTC 19 13 
0.85% Saline Neat 12 17 TMTC 25 43 
10"' 11 12 TMTC 10 5 
d. HzO Neat NR 14 TMTC 32 42 
10"' 6 6 TMTC 9 9 
NR=No result TMTC=Too many to count 
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Table 7: Total viable counts for diluent study (fish 1-5, spread plates, MAC) 
Diluent Dilution F1 F2 F3 F4 F5 
Peptone-Saline Neat 5 8 TMTC 27 NR 
w-1 4 TMTC 0 NR 
0.1% Peptone Neat 12 14 TMTC 22 NR 
w-1 2 3 TMTC 3 NR 
PBSa Neat 10 12 TMTC 16 NR 
w-1 1 2 TMTC 1 NR 
0.85% Saline Neat 10 17 TMTC 21 NR 
w-1 1 6 TMTC 0 NR 
Deionised H20 Neat NR 15 TMTC 20 NR 
w-1 56 26 TMTC 2 NR 
NR=No result. TMTC=Too many to count 
Table 8: Total viable counts for diluent study (fish 1-5, drop plates, MAC) 
Diluent Dilution F1 F2 F3 F4 F5 
Peptone-Saline Neat 10 12 TMTC 10 NR 
w-1 3 4 TMTC 7 NR 
0.1% Peptone Neat 15 20 TMTC 19 NR 
w-1 0 0 TMTC 4 NR 
PBSa Neat 12 24 TMTC 14 NR 
w-1 2 3 TMTC 3 NR 
0.85% Saline Neat 7 20 TMTC 18 NR 
w-1 2 7 TMTC 6 NR 
d. H20 Neat NR 16 TMTC 0 NR 
w-1 2 4 TMTC 0 NR 
NR=No result. TMTC=Too many to count 
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3.3.4 Conclusion to Section 3.3 
This was a preliminary study to aid the selection of a suitable diluent for use 
throughout the project. Where viable counts are of interest, a diluent should not act as an 
enrichment broth as this could give a false indication of certain populations of bacteria 
present in the intestine. GonzaJez et al. (1999) used peptone water, a basal growth medium 
containing sodium chloride (Oxoid manual, 1995), in their study of the intestinal 
micro flora of farmed rainbow trout. However, it should be noted that a level of 0.1% 
wt/vol peptone water was used which was less likely to stimulate the growth of bacteria. 
Austin and Al-Zahrani (1988) carried out preliminary studies to determine a diluent that 
would enable the highest recovery of bacteria from a sample (0.1% bacteriological 
peptone) whilst also acknowledging that speed of sample processing was important to 
prevent the multiplication of bacteria. Nedoluha and Westhoff (I 997) used 0.1% peptone. 
This low concentration of peptone is known not to cause multiplication of the organisms 
within 1-2hours of the dilution of the sample (Oxoid manual, 1995). A physiological 
strength saline solution (0.85%) was used previously by Muroga et al. (1987) in 
determining the intestinal microflora of farmed red seabream (Pagrus major) larvae and 
And lid and Jmirez (1995) used 0.9% saline to isolate yeasts from the intestines of rainbow 
trout. The intestinal microflora of rainbow trout was investigated by both Nieto et al. 
(1984) and Spanggaard et al. (2000) using phosphate buffered saline as a diluent. In 
similar studies, Japanese researchers (e.g. Sugita et al. 1995) often use phospate buffer (pH 
7.6) with 0.05% I - cysteine hydrochloride and 0.1% Bacto agar. Their results did not 
differ significantly from studies using simpler diluents and therefore this was not used in 
the current study. Peptone-saline has been used as a diluent in many in-house studies to 
isolate bacteria from tissue samples (for example, Chambers 2005). Along with 0.1% 
peptone, the Oxoid manual (1995) states that, "the low concentration of peptone does not 
cause multiplication of the organisms within 1-2hours of the dilution of the sample and the 
isotonic strength of the diluent ensures recovery of organisms from various sources which 
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may be vulnerable in distilled water or aqueous suspensions", and was therefore included 
in the study. 
A comparison of total viable counts (day 28) of intestinal bacteria using two plating 
techniques on TSA and a range of diluents provided no conclusive indication for an 
optim:t diluent. Differences between replicates and between fish were inconsistent and of 
a similar magnitude to differences between diluents. There were similar findings using 
MAC (originally designed to aid the growth of human enteric bacteria). Total viable 
counts and colony types were lower when using MAC agar, a result of the selective nature 
of the medium, and therefore this was not used for further preliminary work. It was noted 
that colony morphologies were comparable between both diluents and fish with few 
exceptions. A high number of cream, circular colonies were isolated from fish 3, but not 
from the remaining fish. Since this occurred in unusually high numbers in a single fish 
only, it is felt that this was probably a contaminant. In addition, a colony type which 
appeared to dominate on all TSA plates was not isolated from fish I when using deionised 
water. This was not regarded as significant because the organism had been isolated from 
the other fish when using this diluent. 
It was noted from control plate data that a small number of yellow colonies (max. 3 
per plate) were isolated in all diluent controls, except deionised water, at some point during 
the study, though not consistently. Colonies of a similar morphology were also noted on 
TSA plates from the main study. Gram stains revealed these to be Gram-positive cocci. 
Because these were potential aerial contaminants, further studies were carried out in a 
laminar flow cabinet rather than the open bench. 
During the course of the study other practical problems were encountered. It was 
found that samples containing neat, undiluted homogenate were difficult to draw up a 
pipette due to the presence of food particulates. Therefore, it was necessary to mix 
samples immediately before sampling to ensure full homogenisation and care had to be 
taken to aspirate the correct volume of homogenate. Variable total viable counts were 
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obtained from each of the 5 fish. It is possible that bacteria may cling to food particles; 
any variability in particulates between samples may therefore lead to false differences 
between viable counts. Alternatively, intestinal tract could be used rather than samples of 
intestinal content. Viable counts became difficult over time when using drop plates, as 
individual colonies grew larger and eventually merged. Colonies were isolated more easily 
from spread plates. 
In conclusion, a decision to use peptone -saline as a diluent was based mainly on 
the fact that an identical formulation diluent is available commercially from Oxoid 
(Basingstoke, U.K.). Peptone-saline has previously been used successfully in the 
laboratory in the isolation of bacteria from tissue samples (Chambers 2005). To further 
ensure non-biased results attempts were made to complete all procedures within 3h of 
sampling fish. 
3.4 INFLUENCE OF INCUBATION CONDITIONS 
3.4.1 Introduction 
The selection of incubation conditions, such as temperature and the availability of 
oxygen, may also have considerable influence on the optimum recovery of bacteria (at a 
growth rate that allows for the isolation of all types of bacteria). 
The incubation conditions reported in published studies, to determine the intestinal 
microflora of a range of fish species, vary. This variation may well reflect the different 
fish holding temperatures and has therefore been addressed (section 3.8). For example, 
Ringo and Gatesoupe (1999), Sugita et al. (1985), Muroga et al. (1987), Nedoluha and 
Westhoff (1997), all used incubation temperatures between 20 and 25°C with incubation 
times varying from 2-12 days. Austin and AI-Zahrani (1988), Spanggaard et al. (2000) 
incubated plates at 15 oc for 7 days. Sakata et al. ( 1980) and Gonzalez et al. ( 1999), used 
incubation times of30°C varying from 2 and 5 days. Nedoluha and Westhoff(l997) and 
included incubations times 35 oc for 2 days and 7°C for 7 or 10 days in their studies and 
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found that lower bacterial counts were obtained at 7°C. Some groups used incubation 
temperatures specific to particular bacteria, and on selective agars. For example, Gonzalez 
et al. (1999) included an incubation of 37°C for 5 days and 24h to isolate anaerobes and 
Enterobacteriaceae, respectively and Sakata et al. (1980) used selective media to isolate 
anaerobes. A number of authors included anaerobic studies in their work (e.g. Trust et al. 
1979; Sakata et al. 1980; Sugita et al. l987b; GonzaJez et al. 1999). However, most did 
not. 
Whilst the lower intestine (large bowel) in humans appears to be a largely 
anaerobic environment (Savage 1977) the salmonid fish intestine may be very different. 
For example, it is much shorter and oxygen ingested with food is, therefore, more likely to 
reach the lower intestine. Short passage times through the gut and low cultivation 
temperatures (which may increase the generation times of bacteria), suggest that anaerobic 
species are unlikely to become established before they are expelled with faeces (Trust et al. 
1979). Nevertheless, a number of authors have suggested that the fish intestine does 
contain both obligate and facultative anaerobes (Trust et al. 1979; Sakata et al. 1980; 
Sugita et al. 1987b) along with aerobic bacteria. Therefore, it was felt important to put 
some effort into testing for possible anaerobic bacteria to enable a more accurate 
determination of the dominant bacteria present in the intestine. 
The main objectives of this incubation study were to test a variety of incubation 
temperatures and atmospheres to find the most suitable for further studies. Total bacterial 
colony counts were used to show which incubation temperatures/atmospheres facilitated 
the growth of the most organisms. In addition, a comparison of drop plates and spread 
plates was carried out. 
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3.4.2 Materials and methods 
3.4.2.1 Sampling a11d processing 
For the study of incubation temperatures/atmospheres, the entire intestines from 
three rainbow trout (F6-F8) were removed aseptically and processed as described in the 
diluent study (section 3.3.2.4), using peptone-saline as a diluent. For each incubation 
temperature and dilution (aerobic studies), 
a) 0.1 ml volumes were spread onto a single TSA plate usmg a glass 
spreader dipped in 99% ethanol (VWR, Poole, U.K.) and flamed, 
b) 5 x 20p,l drops placed onto a single TSA plate using a Gilson pipette and 
allowed to dry in an upright position. 
All plates were incubated aerobically at 7, 15 and 22"C for up to 28 days in an inverted 
position at 22"C. Plates were examined for growth and colonies counted for total bacterial 
growth at days 2, 3, 7, 15, 21 and 28. Plates were also incubated at 37"C for 4 days and 
30"C for 15 days then examined for growth and colonies counted. All plates at each 
incubation temperature were prepared in randomised order (Robson 1983). 
For anaerobic studies, a single fish was tested (F6). For each incubation 
temperature and dilution, 
a) 0.1 ml volumes were spread onto a single TSA plates usmg a glass 
spreader sterilised in 99% ethanol (VWR, Poole, U.K.) and flamed. 
b) 5 x 20~tl drops placed onto a single TSA plate using a Gilson pipette and 
allowed to dry in an upright position. 
All plates were incubated in an anaerobic jar with an anaerobic indicator and controls at 
both 30 and 22°C, and in an anaerobic jar with a C02 atmosphere at 30°C. Plates were 
examined for growth and colonies counted after 7 days. All colonies isolated under 
anaerobic conditions were subcultured to TSA and incubated aerobically at 22°C for 48h. 
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3.4.3 Results 
Table 9 illustrates aerobic total viable counts (day 28 at 7, 15 and 22"C, day 14 at 
30"C, day 4 at 3 7"C) and anaerobic total viable counts (day 7) of intestinal bacteria, using 
two plating techniques on TSA and incubated at different temperatures. Table 10 
illustrates the number of different colony types (determined morphologically) in each fish 
at different incubation temperatures (day 28 at 7, 15 and 22"C, day 14 at 30"C, day 4 at 
37"C). No growth was recorded on TSA control plates. 
Table 9: Aerobic and anaerobic total viable counts at different incubation temperatures 
(fish 6-8, spread/drop plates). 
Incubation Dilution Spread Drop 
temperature ec) F6 F7 F8 F6 F7 F8 
7 10- 2 2 13 4 
10-2 0 0 
15 10-1 4 2 3 10 7 
10-2 3 1 4 2 3 
22 10-1 17 74 10 3 16 9 
10-2 15 19 6 4 3 3 
30 10-1 4 5 5 6 5 9 
10-2 2 0 1 0 3 
37 10-1 0 5 8 5 6 4 
10-2 2 3 3 2 3 
Anaerobic 22 10- 2 2 
10-2 0 0 
Anaerobic 30 10-1 6 2 
10-2 0 0 
C02 30 10-1 6 
10-2 0 2 
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Table I 0: Number of different colony types in each fish at different incubation 
temperatures (fish 6-8, spread/drop plates). 
Incubation Spread Drop 
temperature eq F6 F7 F8 F6 F7 F8 
7 1 3 2 4 3 
15 7 6 8 5 4 7 
22 4 6 4 4 6 6 
30 5. 4 2 3 6 
37 3 3 4 4 3 4 
Anaerobic 22 2 1 
Anaerobic 30 2 
C02 30 3 3 
3.4.4 Conclusion to Section 3.4 
This was a preliminary study to aid the selection of an optimal incubation 
temperature and atmosphere for use throughout the project. Both aerobic and anaerobic 
total viable counts were obtained for intestinal samples incubated at different temperatures 
using two plating techniques and on TSA. Intestinal content was used at this stage, as an 
effective method of homogenising the intestinal tract had not yet been determined. 
In general, there were higher total viable counts at 22°C and bacterial growth at the 
lower temperatures was slower. However, overall, more morphologically different colony 
types were isolated when spread plates were incubated at l5°C. It was noted that the 
colony morphologies of the dominating groups of bacteria were comparable between the 
different fish and at the different temperatures/atmospheres. The use of spread plates 
improved the isolation of individual colonies. 
All colonies isolated under anaerobic conditions were subcultured to TSA and 
incubated under aerobic conditions; all isolates grew. Strict anaerobes are intolerant to the 
smallest amounts of oxygen and it is unlikely that completely anaerobic conditions were 
obtained in the present study. Using similar conditions to the present study, Trust (1975) 
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found only facultative anaerobic bacteria present in the intestines of Chum salmon. Later 
studies by the same group (Trust et al. 1979) indicated a higher recovery of anaerobic 
bacteria when all manipulations were carried out in full anaerobic conditions. This can 
include the use of commercially available pre-reduced anaerobically sterilised (PRAS) 
media (Anaerobe Systems, CA, U.S.A.). Therefore, all sampling and processing 
procedures, not just incubation, should be performed under anaerobic conditions. The 
most effective method would be to work in an anaerobic chamber and a bench top, 
inflatable glove chamber (VWR International, Poole, U.K.) was investigated. Although 
fairly inexpensive, there were practical and safety issues involved with set up. However, 
the intended use of molecular methods to determine non-culturable bacteria meant that 
further consideration could be given to anaerobic populations, without the problems of 
working under full anaerobic conditions. 
In the present study, higher counts were observed at 22"C but dominating groups of 
bacteria did not change significantly between 15 and 22•c and thus 15•c was selected 
based on the slower growth of bacteria at this temperature, reducing the speed of 
overgrowth and ensuring well isolated colonies. 
3.5 INTESTINAL CONTENT VS INTESTINAL TRACT 
3.5.1 Introduction 
A variety of approaches have been used to study the intestinal microflora of fish. 
The intestinal tract, intestinal content or both, and faeces, have all been examined for 
microbial growth. Numerous authors have used intestinal content to study the intestinal 
microflora (Sakata et al. 1980; Sugita et al. 1983; Sugita et al. 1985; Sugita et al. 1988; 
Sugita et al. 1989; Sakata and Yuki 1992; Sugita et al. 1995; Nedoluha and Westhoff 
1997; Spanggaard et al. 2000; Holben et al. 2002; Hagi et al. 2004; Huber et al. 2004). In 
addition, Sugita et al. (1987b) found no significant difference in viable counts of 
dominating bacteria between intestinal content and faecal pellets, and suggest the 
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possibility of serial sampling from the same individual. Ho-.yever, bacteria isolated from 
intestinal content and faeces may only be representative of the bacteria offood (Austin and 
Austin 1993) rather than the autochthonous intestinal micro flora. 
Few authors have considered bacteria adhering to the intestinal wall (Trust and 
Sparrow 1974; Trust et al. 1979; Nieto et al. 1984; Austin and AI-Zahrani 1988; Onarheim 
and Raa 1990; Ringe et al. 1998; Gonzalez et al. 1999). Gonzalez et al. (1999) and Nieto 
et al. (1984) studied the whole gut and its contents, and to date the intestinal microflora of 
larvae and finge~lings has been investigated using whole animals (Muroga et al. 1987; 
Hansen et al. 1992; Munro et al. 1994; Grisez et al. 1997). However, it may be anticipated 
that different regions of the intestine harbour different numbers and species of bacteria. 
Trust and Sparrow (1974) divided the intestine into three sections (foregut, midgut and 
hindgut) and investigated the micro flora of each section (in addition to the entire intestinal 
tract) including contents and noted a progressive increase in numbers of bacteria from the 
foregut to the hind gut of free-living freshwater salmonids in Canada. 
Few authors have investigated bacteria attached to the intestinal tract without the 
presence of intestinal contents (Austin and Al-Zahrani 1988 and Onarheim and Raa 1990). 
Austin and AJ-Zahrani (1988) divided the intestinal tract into four regions (oesophagus, 
stomach, upper and lower intestine) then rinsed each section in sterile river water to 
remove residual food. In contrast to Trust and Sparrow (1974), they found a progressive 
decline in numbers of bacteria along the digestive tract (oesophagus, stomach, upper and 
lower intestine) of rainbow trout. Onarheim and Raa (1990) studied bacteria attached to 
the intestinal mucosa, defined by the authors as those bacteria which will not wash away in 
buffer. On the other hand, scanning electron microscopy of epithelial surfaces has shown 
that there are few bacteria adhering to surfaces (Hansen et al. 1992; Austin and Al-Zahrani 
1988). 
The objective of this study was to determine the differences, if any, between 
sampling intestinal content and intestine (including mucosa and epithelial surfaces) and to 
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determine how bacterial communities differ between regions of the intestine. Because of 
the availability of published studies describing differences between different areas of the 
gut, the intention was not to repeat previous work, but to gain an idea of the effect of 
different laboratory conditions on potential differences. Under the present conditions, total 
bacterial colony counts and colony types based on morphology were compared. In 
addition, a comparison of drop plates and spread plates was carried out. 
3.5.2 Materials and methods 
3.5.2.1 Sampling and processing 
The intestines of three rainbow trout (F9-Fll) were removed aseptically and 
processed as previously described except that procedures were now carried out in a laminar 
flow cabinet (ICN Flow, U.K.). The intestine was divided into three portions; stomach, 
upper intestine (pyloric caecae removed) and lower intestine, according to Figure 1 b. 
Using a sterile scalpel, the intestinal content from each region was squeezed out 
into a sterile Petri dish. Each section of intestine/stomach was opened using a new sterile 
disposable scalpel and gently rinsed by dipping in peptone-saline to remove any remnants 
of intestinal content. Segments of intestine and intestinal content were then transferred to 
separate sterile Sml glass bijoux bottles and weighed. A 10-fold volume ofpeptone-sa1ine 
was calculated added to the intestinal content. Intestinal tissue was ground using a sterile 
pestle and mortar in a 10-fold volume of peptone-saline. In addition, duplicate amounts of 
0.3g ±O.OOSg of commercial pellet feed (Excel 30, Trouw, U.K.) were added to a Sml 
sterile glass bijoux and homogenised in 10-fold volume of peptone-saline using a vortex 
mixer, and duplicate samples of fish tank water from below the surface was obtained. 
Samples were further processed in a randomised order as follows. Serial dilutions 
were prepared by adding 1ml of homogenate to 9ml diluent up to a dilution of one hundred 
thousand-fold. For each dilution, 
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a) O.lml volumes were spread onto a single TSNMAC plate using a glass 
spreader dipped in 99% ethanol (VWR, Poole, U.K.) and flamed. 
b) 5 x 20iJ.I drops placed onto a single TSNMAC plate using a Gilson 
pipette and allowed to dry in an upright position. 
All plates were incubated in an inverted position at 22"C. Plates were examined for growth 
and colonies counted at days 7,14, 21 and 28. 
3.5.3 Results 
Table ll illustrates total viable counts (day 28) of intestinal bacteria, from different 
regions of the intestine using twp plating techniques on TSA. Colony morphologies of the 
dominating groups of bacteria were comparable between region, content versus intestinal 
tract tissue and between fish. Although data from control plates has not been presented, 
one yellow colony was isolated on both the TSA control plate and peptone-saline control 
plate. Gram stains revealed these to be Gram-positive cocci. 
3.5.4 Conclusion to Section 3.5 
This was a preliminary study to aid the selection of a suitable sample to represent 
the microbial flora present in the fish gut for use throughout the project. Different regions 
of the intestine were examined to determine whether bacterial communities changed or 
remained consistent. Since further studies were to be carried out under CEFAS laboratory 
conditions it was important to define a baseline. As subtrates are unlikely to be utilised in 
the oesophagus the oesophagus this region was not tested. The fermentation of substrates 
by the intestinal microflora occurs in the proximal (upper) and distal (lower) intestine in 
humans (Crittenden 1999) and, as faeces are difficult to collect, these too were omitted 
from the study. 
In the present study, total viable counts of intestinal bacteria, from different regions 
of the intestine, using two plating techniques on TSA were determined. After a 28-day 
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Table 11: Total viable counts for intestinal content vs intestinal tract study (fish 9-11, 
spread/drop plates) 
Sample Dilution Spread Drop 
F9 F10 Fll F9 FlO Fl1 
Stomach 10- 83 0 21 60 1 25 
10-2 4 2 6 7 0 6 
Stomach 10-1 195 11 3 95 6 8 
content 10-2 153 4 123 3 
Upper 10-1 19 6 11 35 6 8 
intestine 10-2 2 3 6 7 3 2 
Upper 10-1 359 12 12 118 17 21 
intestinal 10-2 151 2 3 19 4 
content 
Lower 10-1 165 TMTC TMTC 119 TMTC TMTC 
intestine 10-2 13 390 50 19 367 60 
Lower 10-1 TMTC TMTC TMTC TMTC TMTC TMTC 
intestinal 10-2 TMTC TMTC TMTC TMTC TMTC TMTC 
content 
Commercial 10- 2 3 2 
pellet feed 10-2 2 5 0 2 
Tank water 10-1 118 46 TMTC TMTC 
10-2 7 7 18 12 
NR=No result. TMTC=Too many to count. 
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incubation period, viable counts from intestinal content samples appeared higher than those 
from the intestinal tract. However, this may be an artefact of the method of comparison. 
Results were difficult to analyse in terms of bacteria per gram, as bacteria would not be 
present uniformly throughout the intestinal tissue. Although histological slides could be 
prepared to analyse the ratio of tissue to gut epithelium, data could only be recalculated 
with questionable accuracy. Therefore, although results were obtained, it was felt that a 
comparison of viable counts between the intestinal tract and intestinal content was 
unnecessary. In general, the highest numbers of bacteria were present in the lower region 
of the gut as found by Trust and Sparrow (1974) in free-living salmonids in Canada. This 
is in contrast with Austin and Al-Zahrani (1988), who found a progressive decline in the 
numbers of aerobic bacteria along the digestive tract (oesophagus, stomach, upper and 
lower intestine) of rainbow trout. 
In the present study, bacterial counts from stomach and upper intestine samples 
appeared to differ by a similar magnitude to that observed between fish and therefore 
results were considered inconclusive. It was noted that the colony morphologies of the 
dominating groups of bacteria were comparable between region, content versus intestinal 
tract, drop versus spread plates and fish, suggesting that any sample/site could be chosen. 
Again, viable counts became difficult over time when using drop plates, as individual 
colonies grew larger and eventually merged. Colonies were isolated more easily from 
spread plates. 
Contamination of control plates was reduced since the initial investigation to select 
a diluent - one yellow colony was isolated on both the TSA control plate and peptone-
saline control plate. Gram stains revealed these to be Gram-positive cocci, Likely 
airborne/skin contaminants. Although experimental procedures were carried out in a 
laminar flow cabinet, the use of a pestle and mortar provided a potential source of 
contamination due to the large open area of the mortar and the vigorous grinding action 
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required to homogenise samples. 
investigated (section 3.6). 
Alternative methods of homogenisation were 
In conclusion, to obtain the resident (autochthonous) flora of a rainbow trout, as 
opposed to the transient (allochthonous) flora, it would seem logical that the intestinal 
content should be removed and the intestine flushed out to remove bacteria. By sampling 
in this way, bacteria adhering to the gut wall can then be selected rather than that contained 
in the food and tank water. Difficulties associated with the aspiration of homogenised 
samples of intestinal content also favoured this approach. The lower intestine was 
previously identified (section 3.2) because the fermentation of substrates by bacteria occurs 
here. In addition, haemorrhaging occurs at this site in fish infected with Yersinia ruckeri, 
the causative agent of Enteric Redmouth (ERM) disease (Inglis et al. 1993) suggesting a 
possible route of entry. Rodgers (1991), in a review ofthe literature on ERM, highlighted 
that recurrent ERM problems are primarily attributable to the existence of a carrier state in 
asymptomatic fish, where Yersinia ruckeri was often found to localise in the lower 
intestine. The eventual development of a prebiotic compound that encourages the growth 
of bacteria which might inhibit adhesion by this pathogen, would test this concept and 
therefore provides a viable model. 
3.6 SELECTION OF A HOMOGENISATION METHOD 
3.6.1 Introduction 
At this point it was appropriate to concentrate on the gut wall microflora. To obtain 
the resident (autochthonous) flora of a rainbow trout, as opposed to the transient 
(allochthonous) flora, the intestinal content should be removed and the bacteria adhering to 
the gut wall isolated. To ensure that as many species as possible were accounted for 
consistent methods must be used throughout. Therefore, the next aspect of the preparation 
of samples to be examined was the method of homogenisation. Using a number of 
different methods, intestinal tissue was homogenised in diluent and serial dilutions 
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prepared and spread onto a suitable medium. The intestinal tissue of rainbow trout, 
however, is fairly tough and difficult to homogenise. 
The aim of this study was to compare a number of different methods for the 
isolation of bacterial from the intestinal epithelial wall and to find an effective method that 
was easy to use, reduced potential contamination and minimised exposure to air which 
could compromise the culture of anaerobic bacteria. 
3.6.2 Materials and Methods 
3.6.2.1 Sampling and processing 
The intestines of two rainbow trout were removed aseptically as previously 
described. Sections of lower/upper intestine (O.lg ± 0.005mg, unless otherwise stated) 
were dissected for each method of homogenisation and a volu'me of peptone-saline added 
to give a ten-fold dilution (lml) unless otherwise stated. 
3.6.2.2 Honroge11isatio11 
Fish intestinal tissue was disrupted to release bacteria adhering to the epithelium 
using the equipment listed in Table 12. 
3.6.3 Results 
Table 12 presents the advantages and disadvantages of the different methods of 
homogenisation. 
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Table 12: Methods of homogenisation- advantages and disadvantages 
Method of homogenisation 
Stomacher 400 (5min, highest setting) 
Ceramic pestle and mortar with sand, 1 m in 
1mU5ml borosilicate glass homogeniser 
(Fisher,U.K.) both 0.1 and 0.5g tissue, 1min 
Notes 
Failed to homogenise 
Good homogenisation, not anaerobic, 
contamination likely 
Good homogenisation, thin sheet of tissue 
left, not anaerobic, contamination likely 
Disposable (sterile) pestles with pestle motor Not anaerobic 
and 1.5ml microtube, 1 min 
a) 0.3g tissue, no diluent 
b) 0.3g tissue, few small glass beads, no 
diluent 
c) 0.1g tissue, 1ml diluent 
d) 0.1g tissue, 1.5ml diluent 
Plastic microtubes of various sizes with 
sma!Uiarge glass beads (SGB/LGB), vortex 
2min 
a) 0.5ml SGB, 1.5ml microtube or 2ml 
round bottomed rnicrotube, 1ml or 1.5ml 
diluent 
b) 0.5ml SGB, 1 LGB, 1.5ml micro tube 
c) 5 LGB, 1.5ml microtube, enough diluent 
to displace all air in tube 
d) 0.5ml SGB, 1.5ml microtube, no diluent. 
e) 1.5ml SGB, 1.5ml microtube 
f) 2ml round bottomed microtube, 5 LGB, 
enough SGB to displace diluent to 2ml mark 
a) No homogenisation, clogs at bottom 
b) Poor homogenisation, removes plastic 
surface of pestle 
c) Fair homogenisation, creates bubbles, 
splashes, contamination risk 
d) Fair homogenisation, no splashing 
Low contamination risk 
a) Poor homogenisation, not anaerobic 
b) Poor homogenisation, not anaerobic 
c) Poor homogenisation, diluent leaked, not 
anaerobic 
d) Poor homogenisation, not anaerobic 
e) Poor homogenisation, not anaerobic 
f) Good homogenisation, partially 
anaerobic, thin sheet of tissue left 
71 
3.6.4 Conclusion to Section 3.6 
A variety of methods have been reported in the literature to homogenise tissue 
samples including commercial stomachers (Gonzalez et al. 1999; Trust et al. 1979), glass 
homogeniser (Muroga et al. 1987; Grisez et al. 1997) and Griffiths tubes (Austin and Al-
Zahrani 1988). However, sometimes the detail of the method of homogenisation IS 
inadequately described (Andlid et al. 1995; Onarheim and Raa 1990). 
This study looked at mechanical efficiency of blending and not on cell recovery 
from a sample. The most reliable method was found to be the homogenisation of intestinal 
tissue in a 2ml round-bottomed microtube containing 1.5ml diluent, 5 large glass beads and 
enough small glass beads to displace the diluent to the 2ml graduation on the tube (any 
higher and the tubes leaked). Samples were homogenised for 2min using a vortex mixer 
on the highest speed and only a thin cell sheet remained in the sample. The method was 
simple to use, reduced potential contamination and minimised exposure to air, which could 
compromise the culture of anaerobic bacteria. It was also noted that friction from the 
vortex mixer did not affect the temperature of the samples. 
A number of other methods were investigated and discounted. A commercial 
Stomacher failed to homogenise the intestinal tissue at all. This type of equipment is 
usually used to homogenise foodstuffs, mimicking, as the name suggests, a stomach. 
However, intestinal tissue is fairly tough and along with the small weight of sample to 
volume of diluent is likely to explain why this method was unsuccessful. However, this 
questions how effective homogenisation of the gut and contents were in the study by 
Gonzalez et al. (1999). A smaller model was available but advice from experienced users 
indicated that it was unlikely to perform better. Motorised pestles did not improve 
homogenisation. 
Good homogenisation was attained using the ceramic pestle and mortar-and glass 
homogenisers. Unfortunately, the open receptacles increased the opportunity for 
contamination. Reducing contamination is paramount to avoid false results and therefore a 
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system whereby tissue was homogenised within a closed tube was developed. Glass beads 
have been used successfully in-house to homogenise samples and were investigated. 
Numerous combinations were tried to iron out a range of problems, such as preventing the 
tissue travelling to the top of the tube or soaking up too much diluent. Tubes were also 
found to leak if overfilled; a problem remedied by the addition of diluent to the 2ml 
graduation only. 
It should be noted that nutrients might be released during homogenisation, as cells 
are disrupted, potentially giving selected groups of organisms a growth boost. 
Alternatively, delicate organisms may be lost through shearing forces, during 
homogenisation. A subsequent study attempts to determine the effect of shearing forces 
creates during the homogenisation process. 
3.7 EFFECT OF HOMOGENISATION ON BACTERIAL CELLS 
3.7.1 Introduction 
The homogenisation of the intestinal tract to detach attached bacteria may disrupt 
bacterial cells rendering them non-viable and decreasing the true number of bacteria 
present in the intestine. For molecular biology investigations, disrupted cells will have 
released DNA into the suspension and results should not be affected. However, these cells 
will not grow in culture and it is also possible that disrupted cells may release nutrients, 
which may kick-start the growth of certain organisms in the sample. This study compared 
samples from the same source that had either been homogenised, using small or large glass 
beads, or not. The study was carried out using a prepared mixed culture of bacteria 
previously isolated from the fish intestine. 
The aim of this study, therefore, was to determine potential changes in populations 
of bacteria due to disruption of cells by shearing forces associated with homogenisation. 
In addition, the potential carry-over of bacterial cells between replicate plates when using 
the same spreader was investigated. 
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3. 7.2 Materials and metbods 
3. 7.2.1 Preparation of mixed culture 
A mixed bacterial culture was prepared as follows. Six randomly selected 
individual colonies of differing morphology (A-F), previously isolated from the fish 
intestine, were cultured in lOOml TSB at l5°C for 24h. The culture was adjusted to an 
optical density of 0.125 at 550nm. 
3. 7.2.2 Homogenisation 
San1ples were either homogenised or not and performed in triplicate. A lml 
volume of mixed culture was added to a sterile 2ml round bottomed microtube. Into 
samples to be homogenised, 6 sterile large beads were added and enough sterile small 
beads to displace the liquid to the 2ml mark on the microtube. Samples were homogenised 
for 2mins using a vortex mixer, as needed. Serial dilutions were prepared up to a ten 
thousand-fold dilution for all samples. Spread plates were prepared as described in chapter 
2, section 2.5.4 (using a single sterile disposable spreader) and incubated at l5°C in an 
inverted position, in a box kept dark using a tin foil cover. Plates were examined for 
growth and colonies counted at 3, 7, 21 and 28 days. 
3. 7.2.3 Carry-over study 
Duplicate samples were prepared to test potential carry over of bacterial cells when 
using a single disposable spreader in both a forward (plate I to plate 2) and reverse (plate 2 
to plate 1) direction. For each group, 1 00tLl volume of 'sample 3' (homogenised) at a ten 
thousand-fold dilution (prepared as described above) was added to duplicate TSA plates. 
Both plates were spread using the same spreader in either the forward or reverse direction. 
All plates were incubated at l5°C in an inverted position, in a box kept dark using a tin foil 
cover. Plates were examined for growth and colonies counted at days 3, 7, 21 and 28. 
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3.7.3 Results 
Table 13 illustrates total bacterial colony counts to study the effect of 
homogenisation on bacterial cells. A proportional representation of the dominant bacterial 
groups is included. Table 14 illustrates total bacterial colony counts to determine potential 
carry-over of bacterial cells between replicates when using the same spreader. All control 
plates showed no growth as expected. 
Table 13: Effect of homogenisation on bacterial colony counts and proportion of bacterial 
groups isolated (samples in triplicate, on duplicate TSA, at a ten thousand fold dilution) 
Sample Dilution 1 2 Proportion ofbacterial 
groups 
Sample 1 10 530 Colonies +colony A (orange) 
merged 
++colony B (cream) 
+++colony C (white) 
Sample 1 10-4 785 Colonies +colony A (orange) 
(homogenised) merged ++colony B (cream) 
+++colony C (white) 
Sample 2 10-4 615 Colonies +colony A (orange) 
merged 
++colony B (cream) 
+++colony C (white) 
Sample 2 104 845 Colonies +colony A (orange) 
(homogenised) merged ++colony B (cream) 
+++colony C (white) 
Sample 3 10-4 789 Colonies +colony A (orange) 
merged 
++colony B (cream) 
+++colony C (white) 
Sample 3 104 653 Colonies +colony A (orange) 
(homogenised) merged ++colony B (cream) 
+++colony C (white) 
Colony types D, E and F not recovered. 
+/- (<5colonies), + (25-50% of plate covered),++ (50-75%), +++ (75-100%) 
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Table 14: Carry-over of bacterial cells when using a single disposable spreader in both a 
forward (TSA plate 1 to plate 2) and reverse (TSA plate 2 to plate I) direction 
Sample Dilution 2 
Forward 1 10 117 211 
Reverse I 10-4 129 109 
Forward 2 10-4 Colonies merged Colonies merged 
Reverse 2 10-4 167 111 
3.7.4 Conclusion to Section 3.7 
The aim of this study was to determine potential changes in populations of bacteria 
due to disruption of cells by shearing forces associated with homogenisation. Total 
bacterial colony counts appeared higher in two of the homogenised samples, but lower in 
another. More samples would have to be tested to determine the significance of this result. 
However, there appeared to be.no differential effect of homogenisation between the colony 
types tested. 
Six bacteria previously isolated from the fish intestine were chosen to inoculate the 
test broth. Due to the different growth rates of bacteria and the potential for competition 
not all of these were expected to grow. Three colony types of bacteria were not recovered 
(lost before the homogenisation stage) and therefore there are no results for D, E and F. 
The test culture was adjusted to an optical density of 0.125 at 550nm as plate counts from a 
previous study had proven difficult as a high cell density had led to confluent growth. 
Most bacterial colonies appeared to merge in the second replicate when using same 
disposable plastic spreader. This indicated a p·otential carry-over of bacterial cells between 
replicate plates. A small study_was carried out to investigate this. Results (Table 8) show 
higher total viable counts in the second plate to be spread suggesting a possible effect. To 
reduce this effect separate spreaders were used to spread separate plates in subsequent 
studies. This would also reduce any spread of contamination between plates. 
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3.8 SENSITIVITY OF BACTERIA TO TEMPERATURE CHANGE 
3.8.1 Introduction 
Fish are poikilothermic vertebrates and it is reasonable to assume that they will 
have an intestinal microflora composed of bacteria adapted to these conditions. As a 
result, any significant change to the incubation temperature of isolation plates may affect 
the growth of bacteria. Lesel and Peringer (1981) have shown that water temperature can 
affect the intestinal microflora of fish. Trust et al. (1979) noted that, at the temperatures 
often encountered in the cultivation ofrainbow trout (ll 0 C), time of passage for intestinal 
contents through the gut is approximately 12h and, therefore, the generation time for 
certain bacteria at this temperature may not allow the organisms to reach a population level 
capable of establishment in the gut before they are washed out. 
The objective of this study was to determine the sensitivity of intestinal bacteria to 
changes in temperature (cross-temperature study). Total bacterial colony counts were used 
to show which incubation temperatures/atmospheres facilitated the growth of the most 
organisms. In addition, at this stage the opportunity was taken to investigate two different 
methods to remove bacteria from the intestinal wall. 
3.8.2 Materials and methods 
3.8.2.1 Fisll (cross-temperature study) 
Twenty rainbow trout, approximately 1 00-200g in s1ze, were obtained and 
transferred from stock tanks within the tank facility ofCEFAS, Weymouth. Ten of the fish 
were acclimatised to a tank water temperature of 22•c, altering by 1 •c per day. Ten of the 
fish were acclimatised to a tank water temperature of 1s•c, altering by 1 •c per day. Fish 
were fed Excel 30 fish food pellets twice a day at 0.5% bw/day. 
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3.8.2.2 Sampling a11d processing 
Five fish from each tank (15 and 22"C, F12-F16 and F17-F21, respectively) were 
sampled and the intestines removed aseptically as previously described. A section of lower 
intestine was isolated and the intestinal content was gently squeezed out using a sterile 
disposable scalpel. The segment of intestine was cut open and rinsed gently in peptone-
saline to remove any residual intestinal content. 
Bacteria attached to the epithelial cell layer were isolated by one of two methods, a) 
scraping, and b) dissection. For the 'scraping' method bacteria attached to the epithelial 
layer of five intestines was removed by scraping the inner cell layer (including mucus) 
using a sterile 18x 18mm glass coverslip. Samples were placed into a sterile 2ml round-
bottomed microtubes and weighed. An equal amount of peptone-saline (weight/volume) 
was added and the samples were homogenised for 1 m in using a vortex mixer. The 
'dissection' method involved dicing a section of intestine into small pieces (approximately 
2mmx2mm) using a sterile disposable scalpel. Approximately lOOmg of tissue was 
weighed out into sterile 2ml round-bottomed microtubes. Enough small and large sterile 
glass beads were added to displace the air in the microtube. A ten-fold volume of diluent 
was added and the sample homogenised for 2min using a vortex mixer. All samples were 
prepared in a randomised order (Robson 1983). Serial dilutions were prepared by adding 
1 ml of homogenate to 9ml diluent up to a dilution of one hundred thousand-fold. For each 
incubation temperature and dilution 0.1 m! volumes were spread onto duplicate TSA plates 
using a sterile disposable spreader and allowed to dry in an upright position. Plates were 
incubated aerobically at 15 or 22"C for up to 27 days in an inverted position. Plates were 
examined for growth and colonies counted at days 3, 7, 14, 20 and 27. 
3. 8.2.3 lde11tijicatimr of bacteria 
Representative bacteria found in dominant numbers m each test group were 
subcultured to TSA and primary tests carried out. 
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3.8.3 Results 
Total viable counts (day 27) of intestinal bacteria, using two techniques to remove 
bacteria from the epithelial cell wall, 'scraping' and 'dissection', were determined and 
mean values calculated {data not shown). Colony types (based on morphology and defined 
by colour) were comparable between the different methods and between the different 
incubation temperatures tested (Table 15}. Representative colonies were isolated and 
primary tests results are shown in Table 16. The following exceptions were observed. 
Colonies described morphologically as 'white' and determined to be Gram-positive 
diplobacilli were consistently observed (in high numbers) in groups of fish held at 15"C but 
not at 22"C. Colonies described morphologically as 'cream/cream-green' and determined 
to be Gram-negative bacilli were consistently observed in groups of fish held at 22"C but 
not at JS"C. A colony described as 'transparent' was observed in high numbers in a single 
fish held at JS"C, when using the dissection method, but not at 22"C. In general, bacterial 
growth at the lower temperature JS"C was slightly slower. At day 27, most colonies on 
plates incubated at 22"C had merged. No growth was observed on TSA control plates. 
3.8.4 Conclusion to Section 3.8 
By acclimatising fish to a particular temperature then sampling and incubating 
plates at both the same and different temperatures, it was possible to determine whether 
intestinal bacteria showed any sensitivity to changes in temperature. It was noted that the 
colony morphologies of the dominating groups of bacteria were comparable between the 
different fish and at the different incubation temperatures suggesting that the intestinal 
bacteria were not markedly sensitive to temperature changes between IS"C and 22"C. Few 
exceptions were observed; colonies described morphologically as 'white' and determined 
to be Gram-positive diplobacilli were consistently observed in groups of fish held at 15"C 
but not at 22"C. Whether this variation was due to a tank-derived effect or relates to some 
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Table 15: Dominant colony types isolated during cross-temperature study using a 
'scraping' method (fish 12-16) and a 'dissection' method (fish 17-21) 
Temperature 
Tank-incubator 
15-15 
15-22 
22-22 
22-15 
'Scraping' method 
F12-F16 
white, cream-yellow, opaque-
cream 
white, cream-yellow, opaque-
cream 
cream/cream-green 
cream/cream-green 
NB: Colony types defined by colour 
'Dissection' method 
F17-F21 
white, cream-yellow, opaque-
cream 
white, cream-yellow, opaque-
cream, transparent 
cream/cream-green 
cream/cream-green 
effect of the particular animal cannot be determined. Although the same original stock of 
fish was used, transfer to a new tank may alter bacterial populations within the intestine 
through stress or fish coming into contact with different types of bacteria. This area seems 
worthy of further study. A colony described morphologically as 'transparent' was 
observed in high numbers from a single fish held at 15"C but not at 22"C and only when 
incubated at 22"C, not 15"C. This appeared to be a random result and was not taken into 
account in the final assessment. 
In general, bacterial growth at the lower temperature 15"C was slightly slower. At 
day 27 most colonies on plates incubated at 22"C had merged. A decision to incubate 
plates at l5°C was based on this slower growth, enabling more effective isolation of 
colonies, and standard stock tank water temperatures of 11 to 15"C. As no additional 
dominating groups had appeared after day 14 (in this or previous studies) this seemed a 
reasonable incubation time to select for subsequent studies. 
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Table 16: Primary test results of bacteria isolated during cross-temperature study. ND=NotDone 
Isolate Fish Temperature Morphology Gram Motility Oxidase Catalase Oxidation-
no. no. (tank-incubator) Fermentation 
reaction (OF) 
A 3 22-15 2mm cream-green Negative, small bacilli + + ND 
AI 3 22-22 2mm cream-green-yellow Negative, medium bacilli + + + ND 
B 3 22-15 2mm cream-green-yellow Negative, medium bacilli + + + ND 
B1 3 22-22 2mm cream-green Negative, small bacilli + + ND 
c 5 15-15 1mm white Positive, diplobacilli ND 
Cl 5 15-22 lmm white Positive, diplobacilli ND 
D 10 15- I 5 2mm cream-salmon Negative, large short fat bacilli + + ND 
Dl 10 15-22 2mm cream-salmon Negative, large short fat bacilli + + ND 
E 10 15-15 2mm cream-green Negative, small bacilli + + ND 
El 10 15-22 2mm cream-green Negative, small bacilli + + ND 
00 
...... 
Total viable counts of intestinal bacteria, using two techniques to remove bacteria 
from the epithelial cell wall, 'scraping' and 'dissection', were determined. When 
examining the results of these two approaches it became evident that it would be difficult 
to relate the two methods. Higher dilution factors arise due to the weight of the tissue 
when the entire intestinal wall is used. Scraping the epithelial cell layer is also variable as 
different quantities of cells may be removed including those from the muscle layer beneath 
the epithelium. Overall, the dissection method was more practicable and therefore used in 
future studies. 
Some practical issues were highlighted during the course of the study. It was noted 
that if the amount of weighed tissue was very low then the small glass beads soaked up the 
low amount of diluent and subsequently it was difficult to remove 0.5ml for the serial 
dilutions. In addition, intestinal tissue should be gently rinsed in diluent, to remove 
residual intestinal content, to limit the detachment of loosely associated bacteria. 
3.9 EFFECT OF SAMPLE SIZE ON THE ISOLATION OF THE Il'ITESTINAL 
MICRO FLORA 
3.9.1 Introduction 
Earlier studies in this series indicated that there are only a few species of bacteria 
dominant in the intestinal micro flora of rainbow trout. This may be the true status of the 
intestine, considering the fish are kept in controlled conditions, or this may reflect the 
sampling procedure. The current method involves the homogenisation of lOOmg intestinal 
tissue dissected from a portion of gut approximately lcm anterior to the anus, in a 10-fold 
volume of diluent. Taking into consideration that molecular studies were to be carried out 
alongside bacteriological testing, an appropriate volume of homogenised sample was 
required that contained a minimum theoretical amount of total DNA, of which a proportion 
was likely to be bacterial. Following the guidelines supplied with a DNA isolation reagent 
(DNAzol~, it was calculated that a 75mg tissue sample homogenised in 1.5ml diluent 
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would yield approximately 20/Lg total DNA in 0.5ml, an amount similar to that used 
previously (in-house studies) and shown to yield good results. 
The aim of this study was to determine whether 75mg of intestinal tissue was large 
enough to enable the isolation of a representative range of bacteria present in the lower 
intestine of a rainbow trout. 
3.9.2 Materials and methods 
3.9.1.1 Sampling and processing 
A single rainbow trout of approximately 500g w~ sampled and processed. Ten 
sections of the lower intestine (75mg±5g) were dissected according to the scheme below 
(Figure 2) and weighed into 2ml round-bottomed sterile plastic microtubes. A 1.5ml 
volume of peptone-saline was added, 5 large glass beads and enough small glass beads to 
displace the peptone saline to the 2ml graduation on the microtube. Samples were 
homogenised using a vortex for 2min, in batches of 5 (1-5, 6-10). Serial dilutions were 
prepared up to a lOO-fold dilution. Volumes of O.lml were spread onto duplicate TSA 
plates using a sterile disposable spreader and allowed to dry in an upright position. Plates 
were incubated aerobically at l5°C in an inverted position. Plates were examined for 
growth and colonies counted for total bacterial growth after 7 days 
3.9.3 Results 
Table 17 illustrates the dominating colony types, based on morphology, isolated 
from different sections of the lower intestine (day 7). The same groups ofbacteria 
appeared to be isolated from sections 1-8. Scant growth was observed on plates prepared 
from section 9 and 10 and two groups of bacteria ('clear flat' and 'large white') were not 
isolated from these samples. 
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Anus Upper intestine -----+ 
Figure 2: Diagram illustrating position in lower intestine of75mg samples used in sample 
size study 
3.9.4 Conclusion to Section 3.9 
The aim of this study was to determine whether sample size affects the isolation of 
a representative range of bacteria present in the lower intestine of a rainbow trout. Ten 
sections of the lower intestine were divided into 75mg portions and the intestinal flora 
isolated from each compared. The same dominating groups of bacteria, based on 
morphology, appeared to be present in sections 1-8 suggesting that a 75mg sample was 
representative and that an increase in sample size would not affect the range of bacterial 
populations isolated. A 75mg sample was calculated to contain at least the minimum 
amount of bacterial DNA required for use in molecular procedures. Scant growth was 
observed on plates prepared from sections 9 and 10, which were the two anterior sample 
locations and two groups of bacteria ('clear flat' and 'large white') present in sections 1-8 
were not isolated from these samples. From these results a sample site 1cm anterior to the 
anus as previously identified appears appropriate. 
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Table 17: Bacteria isolated from different sections of the lower intestine (day 7), on 
duplicate TSA plates 
ReElicate Dilution 2 
w-1 orange, cream-pink orange, cream-pink 
large white, small white large white, small white 
w-2 orange, cream-pink orange, cream-pink large white, small white, clear flat large white, small white, clear flat 
w-1 orange, cream-pink orange, cream-pink 
2 large white, small white large white, small white 
w-2 orange, cream-pink, small white, orange, 
clear flat large white, small white, clear flat 
w-1 orange, cream-pink clear flat 
3 
large white, small white, clear flat 
w-2 orange, cream-pink orange, small white large white, small white, clear flat 
w-1 orange, cream-pink orange, cream-pink large white, small white, clear flat large white, small white 
4 
w-2 small white large white, small white 
w-1 orange, cream-pink orange, large white, small white, clear flat large white, small white, clear flat 5 
w-2 large white, small white large white, small white 
orange, cream-pink orange, cream-pink 
w-1 large white, small white, clear flat large white, small white 
6 
orange, cream-pink 
w-2 large white, small white, clear flat large white, small white 
w-1 cream-pink orange, cream-pink large white, small white 
7 large white, small white, clear flat 
10-2 large white, small white small white 
w-1 orange, cream-pink, small white, cream-pink 
8 clear flat large white, small white, clear flat 
w-2 No growth cream-pink, small white 
w-1 orange, cream-pink, small white small white 
9 
w-2 small white No growth 
w-1 orange, cream-pink, small white orange, cream-pink 
10 
w-2 cream-pink No growth 
NB: Colony types defined by colour 
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3.10 STUDY 9- VALIDATION OF THE BIOLOG IDENTIFICATION SYSTEM 
3.10.1 Introduction 
Following the isolation of intestinal bacteria a reliable method to identify these 
bacteria was necessary. The MicroLog™ microbial identification system (BiOLOG, Inc, 
Ca, U.S.A.), otherwise known as the BiOLOG identification system, is able to identify 
rapidly over 1,400 species of aerobic and anaerobic bacteria, yeasts and fungi. Based on 
biochemical characterisation, each assay comprises a MicroPlate™ with 95 different 
carbon sources. A given organism will produce a characteristic pattern or "fingerprint" 
which can then be compared to a database to obtain identifications. Used with the 
MicroStation ™ results are automatically read and recorded. The use of intelligent 
software enables progressive identification (PID), which will consider an organism's 
preferred carbon sources when determining its identification. The system can also be used 
to monitor bacterial communities, by applying Principal Component Analysis (PCA) to 
MicroPlate data. Results can be displayed in the form of dendrograms or cluster diagrams. 
First described by Garland and Mills (1991), this system of community analysis could 
potentially track changes to bacterial communities in the intestines of fish fed a prebiotic 
supplemented diet. 
The automated MicroStation TM is fairly expensive but a manual MicroLog system 
is available for laboratories with a small throughput of samples and was purchased. The 
manual system replaces the automated reader with visual reading and manual entry of 
results. Unfortunately, the manual system could not be used to monitor microbial 
communities and alternative methods were investigated (tRFLP as described in chapters 4 
and 7). Currently, a wealth of publications is available, such as Garland and Mills (1991), 
Nedoluha and Westhoff(1997), Verschuere et al. (1997), Choi and Dobbs (1999) (see also 
publications list at http://www.biolog.com), which validate and utilise the BiOLOG system 
for applications of diagnostic microbiology through to the characterisation of microbial 
communities. 
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Alternative biochemical identification tests, currently used in-house, include the 
API system, based on a similar system but using less carbon sources. The API system has 
limitations, notably with the identification of members of the genera Vibrio and 
Aeromonas, and the BiOLOG system has also had its disadvantages reported (Klinger et 
al. 1992), such as identifications that change with incubation time. Although both systems 
have their flaws it was recognised that if the methods were combined, along with 16S 
rRNA sequencing, confidence in results would increase. The aim of this study was to 
compare the identification of a range of bacteria using the BiOLOG system, 16S rRNA 
sequencing and API tests and to assess the feasibility of using the system to monitor 
changes in bacterial communities. 
3.10.2 Materials and methods 
3.10.2.1 Bacterial isolates 
Seven bacteria were removed from storage on MicrobankT>I beads at -80°C; three 
unknown bacteria previously isolated from the fish intestine, Vibrio ordalii, (lab collection 
96052), Renibacterium salmoninarum (NCIMB 2235), Aeromonas salmonicida 
salmonicida (NCIMB 1102) and Yersinia ruckeri (NCIMB 2194). 
3.1 0.2.2 Identification of bacteria 
All bacteria were identified using both the BiOLOG system (manual version) and 
l6S rRNA sequencing. A number of isolates were confirmed using API tests. API tests 
(API CHL, API ZYM, API20E) were performed according to the manufacturer's 
instructions and incubated at the optimum temperature for the organism. 
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3.10.3 Results 
Table 18 illustrates identification of the six bacteria. No id was obtained using the 
BiOLOG system for the unknown intestinal isolate termed 'off-white', or Renibacterium 
salmoninarum. 
Table 18: Bacteria used in validation ofBiOLOG system as identifi~d by BiOLOG, 16S 
rRNA sequence analysis and API tests. 
Isolate 
Unknown 'white' 
Identification by BiOLOG 
at 24h (% probability) 
Carnobacterium piscicola 
(100%) 
Unknown 'off-white' No id 
Unknown 'cream' Aureobacterium saperdae 
(100%) (reclassified as 
Microbacterium sp.) 
Renibacterium salmoninarum No id 
(NCIMB 2235) 
Vibrio ordalii (lab collection 
96052) 
Yersinia ruckeri (NCIMB 
2194) 
Aeromonas salmonicida 
salmonicida (NCIMB 11 02) 
Vibrio tubiashii (89%) 
Yersinia ruckeri (91 %) 
Aeromonas salmonicida 
salmonicida( 6%) 
Identification by 16S rRNA 
sequence analysis (and API tests 
where shown) 
Carnobacterium piscicola 
(APICHL) 
Mycobacterium· alvei 
Microbacterium sp. 
Renibacterium salmoninarum 
(APIZYM) 
Vibrio ordalii 
Yersinia ruckeri (API 20E) 
Aeromonas salmonicida 
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3.10.4 Conclusion to Section 3.10 
Before a new system is used routinely it should be validated. Identification systems 
are only as good as the databases they rely on. Contact was therefore established with 
BiOLOG's technical support team and the BIOLOG system was pretested against a range 
of bacteria including those known to be pathogenic to fish. The system was used as an 
alternative to API testing, currently used as routine in the CEFAS diagnostic laboratory. 
First bench tested and applied during the present project, it was subsequently taken up to 
provide supporting data for both statutory routine and research projects, thus increasing 
confidence in bacterial identifications. 
A total of seven bacteria were tested. Three isolates had been isolated previously 
from the fish intestine. Yersinia rnckeri was chosen, as it is a common fish pathogen 
isolated in laboratory samples and was to be used during challenge studies. Aeromonas 
salmonicida was chosen as it is a common fish pathogen isolated in laboratory samples. 
Vibrio ordalii was chosen to represent the genus Vibrio, fairly common in laboratory 
samples, yet difficult to identify to species level (Alsina and Blanch 1994). Renibacterium 
sa/moninarnm was tested as BiOLOG technical support suggested that it would grow on 
BUG agar at 39°C, and as a result had been included in the Gram-positive database. 
Identification of the seven bacteria, according to the BiOLOG system, are listed in 
Table 10. Identification of the unknown intestinal isolate termed 'off-white' was not 
successful partly due to the slow growth of the organism. The isolate was identified as 
Mycobacterium alvei using 16S rRNA sequencing and confirmed with published data 
characterising its growth characteristics/morphology (Ausina et al. 1992). Aeromonas 
salmonicida salmonicida was not identified using the system, although it was listed 
amongst alternative identifications with a probability of 6%. However, it could be 
confirmed with primary tests and distinguished from the most probable choice of Vibrio 
tubiashii, as calculated in the BiOLOG database. An unknown isolate was identified as 
Aureobacterium saperdae (100%) later reclassified as Microbacterium sp. (Takeuchi and 
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Hatano 1998), confmned using 16S rRNA sequence analysis. As expected, Renibacterium 
salmoninamm, which has a requirement for cysteine in its growth medium (Ordal and Earp 
1956), did not grow on BUG agar at 15, 22 or 30"C as suggested by BiOLOG technical 
support. A number of Renibacterium salmoninamm isolates were tested on both BUG and 
SKDM at these temperatures and as expected, growth only occurred at 15"C on SKDM. 
These results were communicated to BiOLOG who accepted they might have the wrong 
strain. Unfortunately, no data was available detailing how many different strains are tested 
before each database entry is made. Initial identifications made using BiOLOG were 
confirmed using 16S rRNA sequences and API tests and showed excellent correlation. 
It was noted that certain bacteria, mainly Gram-negative species, could be difficult 
to read and that it was necessary to read the plate in bright light conditions (preferably with 
a light source underneath the plate). In contrast, Gram-positive bacteria tended to give 
strong colour reactions. However, the manual system was easy to use and identifications 
were comparable to those determined using other biochemical tests and 16s rRNA 
sequence analysis, providing a firm basis for its use. 
3.11 GENERAL DISCUSSION 
A series of preliminary studies were carried out in order to determine how different 
methods would perform within the laboratory and to develop a sampling procedure to 
identify standard and preferably optimal techniques and conditions for the main 
identification programme. Such a sampling and processing protocol was developed for the 
isolation of the intestinal microflora of rainbow trout, as described in General Materials 
and Methods (chapter 2), for use throughout the project. 
To summarise, five diluents were tested and peptone- saline was selected. Various 
temperatures were tested including a cross-over study involving the sampling of fish kept 
at both 15 and 22°C and the incubation of test plates at both 15 and 22°C. An incubation 
temperature of I5°C was selected. Various methods of homogenisation were compared. A 
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microtube containing both small and large glass beads, agitated using a vortex mixer, was 
selected for use. The effects of shearing forces created during homogenisation were 
investigated to select a method that reduced loss of fragile bacterial species and the growth 
of other species enhanced by the release of nutrients. The wall of the lower intestine was 
found to harbour the highest numbers of bacteria, though less than the gut content count, 
and, since haemorrhaging of the lower intestine accompanies infection with Yersinia 
ruckeri, a future challenge species, this was chosen as the prime sample tissue location. 
Spread plates were selected in preference to drop plates. Following timed studies, the 
standard incubation period selected was 14 days, for all isolation media apart from MRS 
(used to isolate Lactobacillus species), which was incubated for 28 days. 
A biochemical testing system (BiOLOG) was validated for the identification of 
bacteria isolated from the intestine and used as an alternative to API testing, currently used 
as routine in the diagnostic laboratory at CEFAS, Weymouth. All biochemical tests are 
known to have limitations, including the API method, and the use of more than one 
technique would therefore increase confidence in results. During evaluation of the 
BiOLOG assay, initial identifications were confirmed using 16S rRNA sequences. 
BiOLOG testing is now used in conjunction with API tests in the routine laboratory and 
has also been found to be particularly useful in the identification of Gram-positive 
organisms such as Lactococcus garviae and Streptococcus iniae, following studies as part 
of another Defra-funded project. 
During the course of the studies, other points for consideration were highlighted. 
Prior to any movement, change of conditions or sampling of fish stocks, it is routine 
procedure to starve for at least 24h. To obtain the resident (autochthonous) flora of a 
rainbow trout, as opposed to the transient (allochthonous) flora, the intestinal content must 
be removed and the bacteria adhering to the gut wall isolated; starving fish prior to 
sampling may aid in the isolation of true attached gut bacteria rather than the transient 
bacteria present in gut contents that rinsing may not completely remove. However, it 
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would be of interest to investigate the effect of starvation on bacterial populations as a 
decrease in nutrients alone may cause bacterial populations to change, in either the species 
present, total viable counts, or both. If starvation alters the intestinal microtlora in a 
detrimental way this may in part explain some of the effects of stress during procedures 
such as transportation. Commercial products are currently available which claim to be able 
to reduce the effects of stress during procedures such as transportation. For example, 
Nutrex Aquanutro, (WPK Aqua Feeds (Pty) Ltd, South Africa)) includes a 
prebiotic/probiotic paste formula in its fish food range for use in ornamental fish under 
stress conditions. 
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CHAPTER4 
DEVELOPMENT OF MOLECULAR TECHNIQUES FOR INVESTIGATING THE 
INTESTINAL MICROFLORA OF RAINBOW TROUT (ONCOHRYNCHUS 
MY KISS) 
4.1 GENERAL INTRODUCTION 
Many bacteria (e.g. Aeromonads and Vibrios) are acknowledged to be difficult to 
identify to species level, let alone serotype or strain, using traditional phenotypic 
approaches (Tannock 1999; Leblond-Bourget et al. 1996) and most investigations 
published so far on the impact ofprebiotics have looked only at population changes at the 
generic level (Crittenden 1999). As it is possible that prebiotics alter microbial populations 
at the strain or species level, methods capable of higher resolution, based on DNA 
sequences (as discussed in chapter 1), have also been used in this project. Depending on 
the level of resolution required, different molecular techniques can be applied to help to 
characterise the microflora in the fish. In general, by comparing DNA sequences obtained 
from the microbes present with sequences deposited in databases, it is possible to classify 
the organisms at different levels of resolution (genus, species, strain). 
Within genera such as Bifidobacterium, the rRNA sequence is highly conserved 
(Leblond-Bourget et al. 1996) and therefore may not be sensitive enough for the 
comparative analysis of species or strains. In such genera a non-coding region of ea. 
450bp between the 16S and 23S rRNA genes ('internal transcribed spacer', ITS) is more 
variable, and therefore, more likely to provide the desired resolution. Unfortunately, 
because of its high heterogeneity, the ITS molecule is not suitable for reliable phylogenetic 
analysis (Suau et al. 1999). Following scientific advice and similar published studies it 
was reasoned that sequencing of the 16S rRNA gene would be more appropriate for use in 
this project. Using both techniques, the diversity of the microflora can be assessed by two 
approaches: firstly, primers specific for known strains can be used to screen for their 
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presence in a part of the intestine; secondly, using primers which are directed at universally 
conserved regions at both ends of the 16S rRNA, a sample containing a mixture of all 
bacteria can be screened for 'new' strains. 
Molecular methods based on 16S amplification of total intestinal bacteria, cloning 
and sequencing can be employed to establish the presence of bacteria not isolated using 
conventional culture methods. However, sequencing can be laborious and expensive. The 
use of genetic fingerprinting techniques (previously discussed in the general introduction) 
such as Restriction Fragment Length Polymorphism (RFLP) analysis in combination with 
DNA sequencing to identify 'new' species of bacteria present in the intestine would enable 
a more rapid analysis of large numbers of clones, improving the reliability of results and 
also reducing costs. To obtain RFLP data for replicate fish would still require the 
investment of prolonged effort and so another additional method was investigated -
Terminal Restriction Fragment Length Polymorphism (tRFLP) analysis -to monitor 
microbial communities and establish whether a single fish could represent a g~ven 
population. RFLP is an established method, which has previously been used to 
characterise bacteria cultured from halibut fry (Jensen et al. 2002). The tRFLP method has 
previously been applied to the study microbial community structure and dynamics in the 
human and animal intestine (Khan et al. 2001) and in environmental samples (Clement et 
al. 1998; Osbom et al. 2000) but the technique has not previously been used to investigate 
the intestinal microflora of fish. The aim of the studies described in this chapter was to 
develop and validate molecular methods, which were to be used in the subsequent analysis 
of the intestinal micro flora of fish. 
This chapter addresses the methodology behind the identification of bacterial 
species by 16S rRNA sequence analysis. Different DNA extraction methods were then 
compared, followed by assessment of PCR, RFLP and tRFLP methods, for their suitability 
for investigating the intestinal micro flora of fish. 
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4.2 AMPLIFICATION AND SEQUENCING OF THE 16SrRNA GENE (COLONY 
IDENTIFICATION) 
4.2.1 Introduction 
To assign organisms to major taxonomic groupings, sequences of around 1500 bp 
fragment of 16S ribosomal RNA (rRNA) can be used (Klaenhammer and Kullen 1999). 
However, in this study fragments of approximately 500bp (Suau et al. 1999) were analysed 
to ensure good resolution when using capilliary sequencing (ABI PRIS~ 310 Genetic 
Analyser User Manual). The databases of rRNA sequences available on the Internet (e.g. 
Genbank and EMBL databases) include a large range of organisms allowing identification 
of many unknown organisms, including some that cannot be cultured easily by 
conventional techniques. Since 16S rDNA sequences are becoming 'the cornerstone' of 
microbial taxonomy, unknown bacteria can be identified providing that the sequences are 
present in the database. However, for those that remain unidentified, their relationship 
with other organisms and identification to genus level is possible. 
An initial evaluation of the 16S rRNA gene identification system was undertaken 
using a panel of bacteria from culture collections and a selection of bacteria isolated during 
previous studies of the intestinal microflora (Chapter 3). The partial 168 rRNA gene 
sequences were compared to those deposited in public databases and, in addition, bacteria 
were identified using conventional bacteriological techniques. 
4.2.2 Materials and methods 
4.2.2.1/dentification ofbacteria 
A panel of bacteria (Table 19) was selected comprising of known bacteria from 
culture collections and a selection of unidentified bacteria isolated during previous studies 
of the intestinal microflora (Chapter 3). Partial 16s rRNA gene sequences were obtained 
according to the methods described in chapter 2 (sections 2.7.5 to 2.7.16) and compared to 
those deposited in GenBank and EMBL, using the BLAST search program available at the 
95 
U.K. HGMP Resource Centre, Hinxton (http://menu.hgmp.mrc.ac.U.K./cgi-binlblast). In 
addition, these bacteria were identified, as far as possible, using conventional primary 
bacteriological tests and the BiOLOG method, as described in chapter 2. 
4.2.3 Results 
4.2.3.1 Identification of bacteria 
The appropriately sized 16S rRNA gene amplicons (529bp) were obtained for each 
bacteria tested. An example is given in Figure 3. 
Figure 3: Example of the 529bp 16S rRNA gene amplicon generated for sequence analysis 
(lanes 2 and 3), 1 OObp ladder, lane 1. 
Amplicons were resolved on a 2% agarose gel containing 0.625mg/ml ethidiurn bromide, 
run at 120V for 20min. 
16s rRNA gene sequences were determined for a selection ofknown and unknown 
bacteria and compared to those deposited in GenBank and EMBL. Bacterial 
identifications are listed in Table 19. 
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Table 19: Sequence identity for a selection of known and unknown bacteria 
Isolate Identification by 16SrRNA sequence Alternative identification (BiOLOG, API, other) 
analysis (EMBL/Blast database) 
Unknown 'white' (fish 1) Carnobacterium piscicola Carnobacterium piscicola (BiOLOG) 
Unknown 'white' (fish 2) Carnobacterium piscicola Carnobacterium piscicola (BiOLOG) 
Unknown 'off-white' Mycobacterium alvei Mycobacterium alvei (Ausina et al. 1992) 
Unknown 'off-white' curled edge Mycobacterium alvei Mycobacterium alvei (Ausina et al. 1992) 
Unknown 'cream' Microbacterium sp. Aureobacterium saperdae (lOO%) (reclassified as 
Microbacterium sp.) 
Renibacterium salmoninarum Ren ibacterium salmon inarum Renibacterium salmoninarum (API ZYM) 
(NCIMB 2235) 
Vibrio ordalii (lab collection 96052) Vibrio ordalii Vibrio tubiashii. 
Aeromonas sa/monicida Aeromonas salmonicida salmonicida Aeromonas salmonicida salmonicida (BiOLOG) 
salmonicida (NCIMB 11 02) 
The identification of the 3 known bacterial isolates from culture collections was 
confirmed using both 16S rRNA gene sequencing and BiOLOG. The exception was 
Vibrio ordalii isolate which was correctly identified by 16S rRNA gene sequencing was 
incorrectly identified as Vibrio tubiashii by the BiOLOG system. The identity of the 
majority of unknown bacteria, identified using 16S rRNA gene sequence data, was 
confirmed using the BiOLOG system. The exception was the isolate identified as 
Microbacterium sp., using 16S rRNA gene sequence data, but which was identified as 
Aureobacterium saperdae (100%). However, this genus has been recently reclassified as 
Microbacterium species (Takeuchi and Hatano 1998). 
4.2.4 Conclusion to Section 4.2 
For colony identification, universal primers for the 16S rRNA gene were selected 
from those cited in the literature (Suau et al. 1999). Primers designed to generate a 529 
base pair product, corresponding to nucleotides 8-536 of the 16SrRNA gene were chosen 
as products of 500-600 base pairs are the upper limit of good resolution for a sequence run 
for capilliary sequencing, according to the ABI PRISM® 310 Genetic Analyser User 
Manual. During the course of this project, Alyson Sheppard from the molecular biology 
team, CEFAS, Weymouth, developed a simple PCR-based amplification and sequencing 
protocol as part of a standard service offered within the laboratory. Bacterial colonies 
could be picked directly from selective media plates into the amplification mix and P<;:R 
performed using standard conditions. It was recognised that much of the data available on 
the public databases was potentially unreliable for bacteria associated with fish, and could 
not be used for positive identifications. Therefore, work was undertaken by the molecular 
biology team, on the development of a CEF AS 16S rRNA gene sequence database, which 
is still ongoing. 
Preliminary identification of unknown bacteria using 16S rRNA gene sequences 
was consistent with results from BiOLOG or other methods of identification, and thus, 
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using this technique in combination with BiOLOG and other conventional biochemical 
tests represents an effective way to improve confidence in identifications. Although 
contamination could be a problem when using universal primers, due to potential airborne 
contaminants, DNA isolated from bacterial colonies is in sufficiently high quantities to 
overcome any residual contamination problems (Grahn et al. 20o"3). However, it is 
essential that the colonies tested are from pure cultures as significant contamination results 
in poor DNA sequencing. 
Another potential problem is the formation of chimeric (or recombinant) 16S rRNA 
sequences. These are sequences composed of two or more phylogenetically distinct parent 
sequences. They form during PCR amplification when a prematurely terminated amplicon 
reanneals to a foreign DNA strand and is copied to completion (Hugenholtz and Huber 
2003), falsely indicating the presence of non-existent organisms in microbial diversity 
studies. Hugenholtz and Huber (2002) suggest that a 'surprising' number of such chimeras 
may be present within public databases despite the efforts of several authors to quantify the 
formation of chimeric sequences (for example, Wang and Wang 1997) and improve 
detection (for example, Robinson-Cox et al. 1995; Maidak et al. 2001). Various checking 
programs based on 'nearest neighbour' methods have been evaluated (Robinson-Cox et al. 
1995), such as Chimera_Check (Maidak et al. 2001). No hitherto unclassified bacteria 
were found during the present studies and therefore chimera checking was not necessary. 
In addition, their formation is unlikely if the extension time is long enough to prevent 
premature termination (>30sec) and the cycling number is kept to a minimum (D. Stone 
Pers. Comm.). 
99 
4.3 EXTRACTION OF DNA FROM INTESTINAL BACTERIA 
4.3.1 Introduction 
To identifY the bacterial contents of the intestine using a PCR based approach it is 
essential that the DNA is free from potential inhibitors of the Taq polymerase used in the 
assay. Therefore, during initial stages of the project it was necessary to concentrate on 
developing bacterial isolation and nucleic acid extraction protocols. 
Numerous methods to extract DNA are available to the micro/molecular biologist. 
These range from simple boiling techniques (Spanggaard et al. 2000) to the use of 
commercially available reagents, such as DNAzol (Gibco BRL ®'Life Technologies, U.K.). 
Different methods of extraction can vary in their efficiency to extract DNA from all 
bacteria present in certain samples (Leff et al. 1995; Miller et al. 1999). In addition, 
physical attributes of the bacterial cell may affect extraction of DNA. For example, the 
cell walls of Gram-negative organisms are more complex and therefore more robust to 
treatments such as lysozyme (Pelczar et al. 1986). 
However, as it was not feasible to test every available method, the aim of this part 
of study was to compare two DNA methods, currently used in -house to extract DNA from 
fish tissues harbouring viral and parasitic infections. Traditional culture methods were 
used in parallel to highlight any differences between results obtained by molecular and 
bacteriological techniques. 
4.3.2 Materials and methods 
4.3.2.1 Fish 
Five 'normal' rainbow trout of I 00-200g body weight each were obtained taken 
from a healthy stock held in the aquarium facilities at CEFAS, Weymouth (as described in 
chapter 2, section 2.1.2) and the intestines removed as previously described. 
lOO 
4.3.2.2 Sampling and processing 
The intestinal content was removed and the posterior part of this length of gut was 
used to provide 1 00mg±5mg intestinal tissue. This was homogenised in 2ml of peptone-
saline diluent in a 5ml sterile plastic bijoux, using sterile glass beads and a vortex mixer, 
prior to bacteriological and molecular analysis. For molecular studies, two aliquots of 
0.5ml homogenate was transferred to sterile!UV treated 1.5ml microtubes, centrifuged for 
2 minutes at lOOOOrpm in a microfuge ('Biofuge Pico', Heraeus Instruments, U.K.), the 
supematant discarded and the remaining pellet further processed. 
4.3.2.3 Extraction of bacterial DNA 
DNA was extracted from bacteria adhering to the intestine of fish 1-5 (different 
from fish 1-5 used in chapter 3), using both the DNAzol (Life Technologies, U.K.) and 
Proteinase K (Boehringer Mannheim, U.K.) extraction methods (chapter 2, section 2.7.3). 
The 529bp partial 16S rRNA gene region was amplified, along with a negative control 
consisting of PCR mastermix, following the parameters in chapter 2, section 2.7.7 which 
describing the PCR reaction for colony identification. 
4.3.2.4 Sequence analysis 
Amplified products were purified usmg the Geneclean™ Spin kit (Bio 101) 
(Anachem, Beds, U.K.) then ligated into the pGEM®-T cloning vector (Promega,. U.K.) 
and transformed into high efficiency competent E.coli cells (Promega U.K.). A single, 
randomly selected, fish was processed further along with the negative control. This 
involved randomly selecting ten transfected bacterial colonies from each library of clones 
(clone library), which were then sequenced and identified. 
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4.3.2.5 Bacteriological analysis 
Analysis of the intestinal microflora was carried out using bacteriological primary 
tests and confirmed using the BiOLOG method. 
4.3.3 Results 
4.3.3. 1 Extraction of bacterial DNA 
Amplified products from each of the five fish tested, including negative controls 
were resolved on agarose gel (Figure 4). Non-specific banding was observed for all 
samples, with two bands in close proximity of the expected product position (529bp). The 
upper band was determined to be the 529bp product of interest, as shown by the asterix. 
Figure 4: PCR products amplified using DNA templates extracted from fish intestinal 
bacteria. 
Fish 1-5 extracted using Proteinase K (PK), lanes 2-6, respectively; Fish 1-5 extracted 
using DNAzol (DZ), lanes 11-14, respectively; Negative controls for the PK and DZ 
extractions, lanes? and 15, respectively; PCR mastermix control, lane 16; lOObp ladder, 
lanes 1, 8, 9 and 17. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. The appropriately sized product of 529bp is highlighted by the asterix. 
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4.3.3.2 Sequence analysis 
Bacterial 16S rRNA gene sequences were generated from the clone libraries of a 
single fish and a negative mastermix control, as described in Table 20. Clone libraries for 
the remaining four fish were stored at -20°C for future analysis, if required. All bacteria, 
with the exception of Ralstonia eutrophia, identified by sequence analysis of samples 
extracted using DNAzol, were also identified from samples extracted using Proteinase K. 
With the ex.ception of Uncultured Eubacterium, all bacteria identified following both 
DNAzol and Proteinase K extractions were also found to be present in the negative control. 
An additional two groups of bacteria were also isolated from the negative control, 
Sphingomonas sp. and either Caulobacter sp. or Brevimundus sp., which had the same 
identity scores (99%). 
4.3.3.3 Bacteriological analysis 
Ten colonies representing dominating bacterial groups were isolated and identified. 
Primary tests results along with bacterial identifications using BiOLOG analysis are shown 
in Table 21. None of the bacteria identified using conventional bacteriological methods 
were identified from PCR products. 
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Table 20: Bacteria identified using 16S rRNA gene sequences for comparison of extraction methods (%Identity) 
Bacteria identified by sequence 
analysis following DNAzol 
extraction 
Pseudomonas picketti (aka Ralstonia 
or Burkholdia (97%) 
Stenotrophomonas maltophilia 
(97%) 
Ralstonia eutrophia (99%) 
P-Proteobacterium (99%) 
Uncultured 
Eubacterium!Proteobacterium clone 
(96%) 
Bacteria identified by sequence 
analysis following Proteinase K 
extraction 
Pseudomonas picketti (99%) 
Stenotrophomonas maltophilia 
(99%) 
Uncultured rumen bacteria (99%) 
Uncultured rape rhizosphere 
bacterium (99%) or Uncultured 
Eubacterium (98%) 
Uncultured Eubacterium (96%) 
Bacteria identified by sequence 
analysis from mastermix negative 
control 
Ralstonia picketti (I 00%) 
Stenotrophomonas maltophilia (99%) 
Ralstonia eutrophia (99%) 
P-Proteobacteriurn (99%) 
Uncultured Proteobacterium clone 
(99%) 
Sphingomonas 
subterraneanlaromaticivorans (98%) 
Caulobacter intermedius (99%) or 
Brevimundus vesicularis (99%) 
Bacteria identified following 
BIOLOG analysis 
Camobacterium piscicola 
Bacillus thennoglucosidasius 
Sphingomonas sanguis 
Aeromonas sp. 
Aeromonas sp. 
Enterobacter amnigenus 
Table 21: Primary test results of bacteria isolated during extraction using bacteriological methods 
Isolate Fish Morphology Gram Motility Oxidase Catalase OF Growth at Identification (BiOLOG) 
no. no. 37°C 
El 2 Flat, white +/- small bacilli F + Carnobacterium piscicola 
E2 4 Watery, white + sm/med,irreg. + ND +++ Bacillus 
coccobacilli thermoglucosidasius 
(55°C) 
E3 2 Flat, white, +/- small bacilli F + Carnobacterium piscicola 
E4 Yellow (?contaminant) + coccobacilli, pairs Weak+ + F gas + No identification 
(scant) 
E5 2 Flat, white, branching -small bacilli, some F + Streptococcus sanguis 
chains 
E6 3 Flat, wet, beige, + sm/med, coccobacilli + + ND + No identification 
E7 2 Dark cream, shiny, - sm/med bacilli + + F gas +I- Aeromonas sp. 
ammonia smell 
E8 4 Dark cream, shiny, - med, fat bacilli + + F gas +++ Aeromonas sp. 
ammonia smell 
E9 Yellow (?contaminant) - med cocci, tetrads Weak+ ND +++ No identification 
ElO 2 Cream, distinct smell - small bacilli Weak+ F gas +++ Enterobacter amnigenus 
ND=Not Done, OF= Oxidation-Fermentation reaction 
-0 
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4.3.4 Conclusion to Section 4.3 
In the first instance two extraction methods presently used at CEF AS were 
compared. At the outset, preliminary studies were affected by a combination of 
contamination and the selection of few clones. To establish the range of bacteria present in 
the intestine a number of clones were sequenced. Various bacterial species, e.g. 
Stenotrophomonas maltophilia, Eubacterium, Pseudomonas picketti, Ralstonia eutrophia 
and ~-Proteobacterium were found to be present which had not been isolated using 
standard bacteriological methods. Most species were found to be present using both 
extraction methods but it proved difficult to determine whether these were dominant 
species in the gut of the fish or even if they were contaminating bacteria, since five of the 
seven bacteria detected in the DNAzol and Proteinase K samples were also detected in the 
negative mastermix control. Despite the fact that relatively few clones were sequenced, 
this was not an attempt to select a single extraction method but to find out if one method 
fails to extract certain populations (resulting in the need to extract using more than one 
method). Although this did not appear to be the case, to improve confidence, a greater 
number of clones would have to be sequenced on any given plate. 
Investigations into methods of bacterial DNA extraction also revealed problems 
associated with the amplification of the 16S rRNA gene when using a mixed population of 
bacterial DNA from fish intestinal samples. Non-specific banding was observed and 
contamination of negative controls. Whilst contaminating bacterial DNA in colony 
identification can be tolerated to some extent, because sample DNA is in excess generally, 
in a mixed population there is a risk of inadvertently amplifying a contaminant and 
confusing this with smaller populations of relevant bacterial DNA. As the current 
amplification method was unreliable, the next step was to optimise the 16S rRNA gene 
PCR for use with fish intestinal samples. 
106 
4.4 OPTIMISATION OF PCR FOR BACTERIAL DNA EXTRACTED FROM FISH 
INTESTINE 
4.4.1 Introduction 
Investigations into methods of bacterial DNA extraction, from fish intestinal DNA, 
(section 4.3) revealed problems associated with the amplification of the 16S rRNA gene. 
The contamination of negative controls indicated a problem with the preparation of PCR 
reactions. Whilst contaminating bacterial DNA in colony identification can be tolerated to 
some extent, because sample DNA is in excess generally, in a mixed population there is a 
risk of inadvertently amplifying a contaminant and confusing this with smaller populations 
of relevant bacterial DNA. Non-specific banding was observed, requiring the optimisation 
of PCR conditions. Although it is unlikely that the non-specific bands were ribosomal in 
nature (sequence data can be used to verify this), it is desirable to keep the preparation as 
clean as possible, to avoid cloning and sequencing the wrong product. Moreover, 
contamination would interfere with the RFLP and tRFLP tests described later. 
This study aimed to optimise the 16S rRNA gene PCR for use with fish intestinal 
samples, to improve specificity and reduce the potential for contamination. This could be 
done in a number of ways. To reduce contamination the following parameters could be 
investigated: 
1) Reduction ofPCR cycles (without compromising product intensity) 
2) Use of commercial prepared PCR mastermix 
3) Preparation ofmastermix under sterile conditions and using sterile reagents. For 
example, filtering of mastermix through a 0.2/lm filter, UV treatment of 
reagents (not primers, dNTP's, TAQ polymerase) and consurnables and 
preparation ofmastermix under sterile conditions in a laminar flow cabinet, 
4) Use of commercially sterile molecular grade water (VWR, Poole, U.K.). 
5) Use of a different thermocycler to enable a hotstart and ramped temperature 
changes, such as a PTC-225 Pettier thermocycler. 
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6) Perfonning all DNA extractions and PCR reactions m a 'Purifier PCR 
enclosure' (Labconco, U.S.A.) and where possible, exposing all reagents to UV 
light prior to use. 
7) The effectiveness of the UV light. 
To increase the intensity of the PCR product and minimise non-specific binding the 
following parameters could be investigated: 
l)' Elongation temperature (to ensure times are sufficient). 
2) Preparation of PCR reactions containing forward primer only and reverse 
primer only (compared to both primers) to detennine which primer may be 
responsible for non-specific binding. 
3) Dilution ofthe DNA template to reduce the presence of inhibitors 
4) Increasing PCR annealing temperature to increase specificity and reduce the 
numbers of non-specific products. 
5) Use of semi-nested PCR using 8F and l387R (1st round) and 63F and 1387R 
(2nd round) and nested PCR using 8F and l492R (l st round) and 63F and l387R 
(2nd round). 
6) Use of parameters used by original author, including substitution of hotstart 
with 2 minute denaturation to minimise degradation ofTAQ polymerase. 
7) Use of alternative primers. 
4.4.2 Materials and methods 
4.4. 2.J.PCR reaction and primers 
Initially, (sections 4.4.2.2 to 4.4.2.3), 16S rRNA amplification products were 
obtained using the optimised 16S rRNA amplification for colony identification (section 
4.2), which utilised primers designed to generate a 529bp product corresponding to 
nucleotides 8-536 of the 16SrRNA. However, as tRFLP was to be investigated, primers 
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designed to generate a larger product were also evaluated (sections 4.4.2.4 to 4.4.2.13). 
For tRFLP analysis two sets of universal primers were selected from those cited in the 
literature and compared. Numbering of primers is based on the Escherichia coli 16S 
rRNA gene (Brosius et al. (1978). Primers designed to generate a 1324 base pair product, 
corresponding to nucleotides 63-1387 of the 16SrRNA, previously evaluated by Marchesi 
et al. ( 1998) and a 1326 base pair product, corresponding to nucleotides 63-1389 of the 
16SrRNA, as used by Osbom et al. (2000) to avoid a potential mismatch at the 3' end of 
the primer (position 1388) were used. Primers for use in tRFLP analysis were labelled 
with fluorescent markers: FAM and HEX (forward and reverse respectively). 
0008 (16S F) (5' AGA GTT TGA TCCC TGG CTC AG 3'), (forward primer) 
0536 (l6S R)(5' GWA ITA CCG CGG CKG CTG 3'), (reverse primer) 
63F (5'- CAG GCC TAA CAC ATG CAA GTC-3') (forward primer) 
1387R (5'- GGG CGG WGT GTA CAA GGC-3') (reverse primer) 
l389R (5'- ACG GGC GGT GTG TAC AAG-3') (reverse primer) 
Initially, PCR parameters programmed into the thermocycler, were the same as 
used for 16S rRNA amplification for colony identification. This PCR reaction was then 
optimised in order to increase the intensity of the PCR product, minimise non-specific 
binding and eliminate contamination. 
4.4.2.2 Effect of changes to cycle number 
To decrease contamination, fresh mastermix was prepared in a laminar flow cabinet 
and amplifications (using primers corresponding to nucleotides 8-536) carried out using 
samples of both mastermix alone and mastermix with water (water for negative controls 
was molecular grade and pre-sterilized by autoclaving at 121°C for 20mins). In addition, 
bacterial DNA isolated from fish intestine (fish 1, as used in section 4.3.2.1) using the 
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DNAzol extraction method was used. Cycles of 35, 30, 25 and 20 were tested. For the 30-
cycle amplification only, mastermix was passed through a 0.2J.Lm filter prior to use, to 
further reduce the potential for contamination. 
4.4.2.3 Effect of using commercially prepared mastermix 
PCR reactions were prepared using a pre-aliquoted PCR Master Mix (Promega, 
U.K.), commercially prepared under sterile conditions, and amplifications (using primers 
corresponding to nucleotides 8-536) carried out using samples of both mastermix alone and 
mastermix with sterile water. In addition, bacterial DNA isolated from fish intestinal 
tissue using the DNAzol extraction method was used (fish 3 and 5, as used in section 
4.3.2.1 ). The DNA template from fish 5 was turbid, which was most likely due to the carry 
over of a small amount .of. lipid during sampling and was used to investigate potential 
interference within the reaction. All reagents were UV treated (in laminar flow cabinet), 
where possible (not primers, dNTP's, TAQ polymerase), and samples prepared a laminar 
flow cabinet, to further reduce the potential for contamination. 
4.4.2.4 Elongation times 
The effect of using an alternative thermocycler (a PTC-225 Pettier themocycler 
(MJ Research Inc., Massachusetts, U.S.A.), which enabled ramped temperature changes, 
was investigated. This brought the sample to the required temperature before timing 
commenced, ensuring elongation times were at least 2 minutes, as required. Alternative 
types of thermocycler involve transferring the reaction tube to a pre-heated block, where 
timing starts immediately. As samples take time reach the required temperature, 
elongation times at the required temperature may be reduced. In addition, a hotstart was 
included in the reaction (94°C for I Omin), to denature the DNA. Bacterial DNA isolated 
from fish intestinal tissue using either the DNAzol or Proteinase K extraction method was 
amplified (fish 1 and 2, as used in section 4.3.2.1 ), using primers corresponding to 
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nucleotides 63-1387. All reagents were UV treated (in laminar flow cabinet), where 
possible, and samples prepared a laminar flow cabinet. 
4.4.2.5 Visualisation of template DNA on an agarose gel 
To determine whether the concentration of DNA in templates prepared from fish 
intestinal tissue was high enough to be inhibiting the amplification (using primers 
corresponding to nucleotides 63-1387), the extracts (DNA templates from fish 1-5, 
prepared using the DNAzol and Proteinase K extraction methods) were run directly on a 
2% agarose gel containing 0.625mg/m1 ethidium bromide. 
4.4.2.6.Dilution of template 
It is possible that templates containing high concentrations of DNA may result in 
non-specific banding. DNA templates prepared from fish 2 (as used in section 4.3.2.1), 
extracted using either DNAzol or Proteinase K, were diluted using sterile molecular grade 
water and amplified (using primers corresponding to nucleotides 63-1387). Dilutions of 
1:1, 1 :9 and 1:99 were tested. All reagents were UV treated (in laminar flow cabinet), 
where possible, and samples prepared a laminar flow cabinet. 
4. 4. 2. 7 Effect of annealing temperature 
Increasing PCR annealing temperature can increase specificity and reduce the 
numbers of non-specific products. The same samples as those prepared for the template 
dilution study above (section 4.4.2.6) were amplified (using primers corresponding to 
nucleotides 63-1387) at annealing temperatures of 55°C, 57°C and 60°C. All reagents were 
UV treated (in laminar flow cabinet), where possible, and samples prepared a laminar flow 
cabinet. 
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4.4.2.8 Effect of agarose gel strength 
Previously, 2% agarose gels had been used for the electrophoresis of PCR products. 
However, it appeared that the size of the product was such that it migrated at the same 
speed as the bromophenol blue dye present in the loading buffer. In an attempt to improve 
the brightness of the product, gel strength of I% was tested, at which the bromophenol 
blue should migrate faster than the 1324bp product, so that it does not end up at the same 
position in the gel. PCR products prepared in section 4.4.2.7 were used. 
4.4.2.9 Effect of primer sequence 
It is possible that non-specific binding of the primers in either or both directions 
causes the multiple bands present on the gels of gut extract samples, as primers would 
become depleted in the reaction which may in turn result in the formation of smaller 
products. To determine which primer may be responsible for non-specific binding, 
mastermixes were prepared containing forward primer only (63F), reverse primer only 
(1387R) and both. Bacterial DNA isolated from fish intestinal tissue using either the 
DNAzol or Proteinase K extraction method was used (fish 1 and 2, as used in section 
4.3.2.1). All reagents were UV treated (in laminar flow cabinet), where possible, and 
samples prepared a laminar flow cabinet. 
4.4.2.10 Nested and semi-nested PCR 
To improve PCR product intensity and specificity, nested and semi-nested PCR 
(which involve two rounds of amplification) were tried. For nested PCR, primers designed 
to generate a 1484 base pair product, corresponding to nucleotides 8-1492 (empirically 
based) of the 16SrRN A in the I si round and primers designed to generate a 1324 base pair 
product, corresponding to nucleotides 63-1387 in the 2"d round. 
For semi-nested PCR, primers designed to generate a 1379 base pair product, 
corresponding to nucleotides 8-1387 ofthe 16SrRNA in the ls1 round and primers designed 
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to generate a 1324 base pair product, corresponding to nucleotides 63-1387 in the 2nd 
round. 
0008 (16S F) (5' AGA OTT TGA TCCC TGG CTC AG 3') (forward primer) 
63F (5'- CAG GCC TAA CAC ATG CAA GTC-3') (forward primer) 
1387R (5'- GGG COG WGT GTA CAA GGC-3') (reverse primer) 
1492R (5'-ACG GCT ACC TTG TTA CGA CTT-3') (reverse primer) 
Bacterial DNA isolated from fish intestinal tissue using either the DNAzol or 
Proteinase K extraction methods was amplified (fish 1 and 2, as used in section 4.3.2.1), 
along with a negative control ofmastermix and sterile water. All reagents were UV treated 
(in laminar flow cabinet), where possible, and samples prep~red a laminar flow cabinet. 
Amplifications were carried out at both 35 and 30 cycles and at annealing temperatures of 
55°C and 57°C. 
4. 4. 2.11 Pre-treatment of reagents with UV 
Following the acquisition of a 'Purifier PCR enclosure' (Labconco, U.S.A.), all 
DNA extractions and PCR reactions were prepared in this hood. Where possible, all 
reagents and equipment were autoclaved at 121 oc for 15min and exposed to UV light prior 
to use (for 5min using the UV lamp in the Purifier PCR enclosure, as described in the 
manufacturer's instructions). 
The effectiveness of the UV light was tested by exposing aliquots of water 
(previously autoclaved at 121 oc for 15min) and a suspension of Yersinia ruckeri, diluted to 
achieve turbidity equivalent to McFarland standard no.5 sample, to UV light at increasing 
Smin intervals (0, 5, 10, 15 and 20mins). Samples were then amplified using primers 
corresponding to nucleotides 63-1387. 
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4. 4. 2.12 Effect of using commercially available sterile water and alternative 
primers 
The most likely reason for the presence of contaminating products in the negative 
controls was the presence of contaminating DNA in water used to prepare the PCR 
mastermix (P. Koumi, Forensic Science Service, Pers. Comm.). Therefore, Eppendorf 
molecular grade water was purchased as sterile aliquots (VWR, Poole, U.K.) and used 
throughout. All components of the PCR reaction prepared using water (primers, dNTP's) 
were discarded and fresh reagents were reconstituted using the Eppendorfwater. 
At this stage, an alternative primer (1389R) was used (as described in section 
4.4.2.1 ). The parameters used by original author (Osbom et al. 2000) were also 
investigated, including substitution of hotstart with a 2 minute denaturation at 94°C, to 
minimise degradation ofT AQ polymerase and reducing cycle number to 30. In addition, 
fresh templates were prepared (fish la) to rule out degradation of DNA through freeze-
thaw action and the PCR components used by Os born et al. (2000) were compared to those 
used at present along with the original thermocycling parameters (reintroduction of the 
hotstart), as a 2 minute denaturation appeared to have no effect on non-specific banding 
and the intensity of the desired PCR product. 
Bacterial DNA isolated from fish intestinal tissue (fish la) using the Proteinase K 
extraction methods was amplified (using primers corresponding to nucleotides 63-1389), 
along with negative controls of mastermix and sterile water and a positive control of DNA 
extracted from a colony of Yersinia ruckeri (as described in chapter 2, section 2.7.5). All 
reagents were UV treated (for 5min using the UV lamp in the 'Purifier PCR enclosure'), 
where possible, and samples prepared in the PCR enclosure. 
4. 4. 2.13 Effect of using fluorescent-labelled primers 
PCR products of the required intensity, without non-specific banding and free of 
contaminations were achieved by using commercially available sterile water and a PCR 
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purifier hood to prepare PCR components, and parameters based on the optimised 16S 
rRNA amplification for colony identification (section 4.2), with the exception that an 
annealing temperature of 57°C and a cycle number of 30 was used. However, 
unpredictably, when the fluorescent-labelled primer 1389HEX was used for tRFLP PCR, 
an extra band, slightly higher than the desired product appeared. 
Therefore, amplifications were carried out using both 1389HEX and 1387HEX, for 
comparison. Bacterial DNA isolated from fish intestinal tissue using the Proteinase K and 
DNAzol extraction methods was amplified (fish 1 and 2, as used in section 4.3.2.1), along 
with negative controls of mastermix and sterile water and a positive control of DNA 
extracted from a colony of Yersinia ruckeri (as described in chapter 2, section 2.7.5). All 
reagents were UV treated (for 5min using the UV lamp in the 'Purifier PCR enclosure'), 
where possible, and samples prepared in the PCR enclosure. Amp1ifications were also 
carried out using 1389R, without the fluorescent dye. A 1Kbp ladder was used in order to 
size PCR products more accurately. 
4.4.3 Results 
4.4.3.1 Effect of changes to cycle number 
The results of decreasing the cycle number from 35 to 20 are presented in Figures 5 
to 8. Figure 5 illustrates the intensity of the contaminating product (a doublet at~500bp) 
when using 35 cycles. PCR was therefore reduced to 30 cycles and the mastermix was 
passed through a 0.2Jlm filter prior to PCR, to further reduce the potential for amplifying 
contaminating DNA. Figure 6 shows that whilst lanes 2, 3, 8 and 9 are negative, when 
using 30 cycles, the result is not consistent and contaminating products (doublets 
at~500bp) are present in the remaining lanes. Figure 7 shows that reducing the cycles to 
25 decreased further the intensity of contaminating product. However, Figure 8 illustrates 
that although a contaminating product has been eliminated, by reducing the cycle number 
to 20 cycles, the signal in the positive control (fish 1 bacterial DNA) is also absent. 
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Figure 5: PCR products amplified using negative controls for 35 cycles, primers 8-536 
Mastermix with no template, lanes 2-5; masterrnix with sterile water template, lanes 6-9; 
I OObp ladder, lanes I and 10. 
Products were resolved on a 2% agarose gel containing 0.625mglml ethidium bromide, run 
at 120V for 20rnin. 
Figure 6: PCR products amplified using negative controls for 30 cycles, primers 8-536 
Mastem1ix with stetile water template, lanes 2 and 3; Mastermix with no template, lanes 4-
9, 12-19; lOObp ladder, lanes 1, 10, 11 and 20. 
Products were resolved on a 2% agarose gel containing 0.625mglml ethidium bromide, run 
at l20V for 20mjn. 
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Figure 7: PCR products amplified using negative controls for 25 cycles, primers 8-536 
Mastermix with no template, lanes 2-7; 100bp ladder, lanes 1, and 8. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
Figure 8: PCR products amplified using negative controls and DNA templates extracted 
from fi sh intestinal bacteria for 20 cycles 
Mastermix with no template, lanes 2-7; Fish 1 extracted using DNAzol (positive control), 
lane 8; 100bp ladder, lanes 1 and 9. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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4.4.3.2 Effect of using commercially prepared mastermix 
A pre-aliquoted PCR Master Mix (Promega, U.K.), commercially prepared under 
sterile conditions, was used for the amplification of negative controls and DNA templates 
of fish intestinal bacteria, to further reduce contamination. In addition, identical 
amplifications were carried out using in-house mastermix, prepared along with the PCR 
reactions in a laminar flow cabinet. No contaminating products for the negative controls 
were observed when using mastermix prepared in-house (Figure 9, lanes 2 to 9). A strong 
contaminating product (- 529bp) was observed for the negative controls when using a 
commercial mastermix (lanes 12 to 15) and when using DNA extracted from fish intestinal 
tissue (lane 16). When using DNA extracted from fish intestinal tissue, a band was 
observed at - 529bp along with a non-specific band at- 350bp, (lanes 17 to 18). No 529bp 
product was observed using the san1ple with high lipid content but a band was present at 
- 350bp (lane 19). 
4.4.3.3 Elongation times 
A different type of them1ocycler, which enabled ramped temperature changes 
(described in section 4.4.2.4), was used to ensure elongation times were long enough. 
Samples of bacterial DNA, extracted from fish intestinal tissue using either DNAzol or 
Proteinase K, and negative controls, were amplified using primers designed to generate a 
1324bp product. Non-specific banding (at - 175, 275 ~d 450bp) was observed for all 
samples prepared from fish intestine (Figure 10, lanes 2, 3, 5, 6, 7, and 12 to 17), with the 
exception of one sample (fish 1, DNAzol, replicate) where no product was observed (lane 
4). A product close in size to that expected ( 1324bp) was observed in the negative controls 
(lanes 18 and 19). 
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Figure 9: PCR products amplified using negative controls and DNA templates extracted 
from fish intestinal bacteria, for 35 cycles, primers 8-536 
Mastermix with water template, lanes 2-5; Mastermix with no template, lanes 6-9; 
Commercial mastermix with no template, lanes 12 and 13; Commercial mastermix with 
water template, lanes 14 and 15; Fish 3 extracted using DNAzol with commercial 
mastermix, lane 16; Fish 3 extracted using DNAzol with mastermix, lanes 17 and 18; Fish 
5 (high lipid content) extracted using DNAzol with mastermix, lane 19; 1 OObp ladder, 
lanes l, 10, 11 and 20. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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Figure 10: PCR products amplified using negative controls and DNA templates extracted 
from fish intestinal bacteria, for 35 cycles, primers 63-1387 
Fish 1 extracted using DNAzol, lanes 2-4; Fish 2 extracted using DNAzol, lanes 5-7; Fish 
1 extracted using Proteinase K, lanes 12-14; Fish 2 extracted using Proteinase K, lanes 15-
17; mastetmix with no template (negative control), lanes 18 and 19; 1 OObp ladder, lanes 1, 
8, 11 and 20. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
4.4.3.4 Visualisation of template DNA on an agarose gel 
DNA templates were run directly on a 2% agarose gel. Concentrations of DNA 
were not high enough to be observed (data not shown). 
4.4.3.5 Dilution oftemplate 
Despite not being able to visualise DNA on an agarose gel, the DNA template was 
diluted 1 :9 and 1:99 to determine whether high concentrations of template DNA, extracted 
from fish intestinal tissues, were resulting in non-specific banding. For samples extracted 
using Proteinase K, non-specific bands were observed at - 175, 275 and 500bp, which 
decreased with increasing dilution (Figure 11, lanes 2 to 4, respectively. In addition, a 
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PCR product of the expected size (1324bp) was observed which increased in intensity with 
increasing dilution. For samples extracted using DNAzol, a single product of the expected 
size (1324bp) was observed which decreased in intensity with increasing dilution. Overall, 
intensity of the PCR product was not observed at an acceptable level. 
Figure 11 : PCR products amplified using DNA templates extracted from fish intestinal 
bacteria, for 35 cycles, primers 63-1387 
Fish 2 extracted using Proteinase K, Neat, lane 2; Fish 2 extracted using Proteinase K, 1:9 
dilution, lane 3; Fish 2 extracted using Proteinase K, 1:99 dilution, lane 4; Blank, lane 5; 
Fish 2 extracted using DNAzol, Neat, lane 6; Fish 2 extracted using DNAzol, 1:9 dilution, 
lane 7; Fish 2 extracted using DNAzol, 1:99 dilution, lane 8; 1 OObp ladder, lanes 1 and 9. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
4. 4. 3. 6 Effect of annealing temperature 
Annealing temperatures of 55°C, 57°C and 60°C were tested, using the same 
templates prepared for the template dilution study (section 4.4.2.6) in an attempt to 
improve specificity and thus reduce non-specific banding in samples from fish intestinal 
tissue. Increasing the annealing temperature to 57°C slightly improved the specificity as 
described. Non-specific bands were observed at - 175, 275 and 500bp, in one sample only 
(fish 2, Proteinase K) as shown in Figure 12 (lane2). For samples extracted usmg 
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Proteinase K a PCR product of the expected size ( 1324bp) was observed which increased 
in intensity with increasing dilution (lanes 2 to 4). For samples extracted using DNAzol, a 
single product of the expected size (1324bp) was observed whjch decreased in intensity 
with increasing dilution. Overall, intensity of the PCR product was not observed at an 
acceptable level. In the positive control (lane 9) a band of - 1324bp was observed with a 
good intensity, although non-specific bands of >1500bp were also observed. Non-specific 
banding was not reduced when using annealing temperatures of 55°C and 60°C (data not 
shown). 
Figure 12: PCR products amplified using DNA templates extracted from either fish 
intestinal bacteria or bacterial colorues, for 35 cycles, annealing temp 5JOC, primers 63-
1387 
Fish 2 extracted using Proteinase K, Neat, lane 2; Fish 2 extracted using Proteinase K, 1:9 
dilution, lane 3; Fish 2 extracted using Proteinase K, 1:99 dilution, lane 4; Blank, lane 5; 
Fish 2 extracted using DNAzol, Neat, lane 6; Fish 2 extracted using DNAzol, 1:9 dilution, 
lane 7; Fish 2 extracted using DNAzol, I :99 dilution, lane 8; Carnobacterium piscicola 
(positive control), lane 9; I OObp ladder, lanes 1 and 10. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethjdium bromide, run 
at 120V for 20min. 
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4.4.3. 7 Effect of agarose gel strength 
The use of a 1% gel, to run the same PCR products prepared in section 4.4.2.8, 
improved the brightness of the PCR product by separating it from the bromophenol blue 
dye present in the loading buffer (Figure 13). 
Figure 13: PCR products amplified using DNA templates extracted from either fish 
intestinal bacteria or bacterial colonies, for 35 cycles, primers 63-1387 
Fish 2 extracted using Proteinase K, Neat, lane 2; Fish 2 extracted using Proteinase K, 1:9 
dilution, lane 3; Fish 2 extracted using Proteinase K, 1:99 dilution, lane 4; Blank, lane 5; 
Fish 2 extracted using DNAzol, Neat, lane 6; Fish 2 extracted using DNAzol, 1:9 dilution, 
lane 7; Fish 2 extracted using DNAzol, 1:99 dilution, lane 8; Carnobacterium piscicola 
(positive control), lane 9; 1 OObp ladder, lanes 1 and 10. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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4.4.3.8 Effect of primer sequence 
It was possible that non-specific binding of the primers in either or both directions 
caused the multiple bands present on the gels of gut extract samples. To determine which, 
if any, p1imer may be responsible for non-specific binding, mastermixes were prepared 
containing forward primer only (63F), reverse primer only (1387R) and both and used to 
amplify bacterial DNA isolated from fish intestinal tissue, extracted using either DNAzol 
or Proteinase K, and negative controls. When using both primers (63F and 1387R), non-
specific bands of ~175, 275 and 450bp were observed when using samples from fish 
(Figure 14, lanes 12, 13 and 15). One sample (fish 2, DNAzol, lane 14) yielded a product 
close to that expected (1324bp) without non-specific banding, but this pattern was also 
observed in the negative control. When using the forward primer only on both samples 
from fish (lanes 2 to 5) and the negative control (lane 17), no bands were observed. When 
using the reverse primer only on fish samples faint PCR products were observed of which 
the strongest was ~500bp. No contamination was observed in negative control (lane 18). 
4.4.3.9 Nested and semi-nested PCR 
Nested and semi-nested PCR were used in an attempt to increase PCR product 
intensity and specificity. For semi-nested PCR, primers designed to generate a 1379 base 
pair product, corresponding to nucleotides 8-1387 of the 16SrRNA in the 1st round and 
primers designed to generate a 1324 base pair product, corresponding to nucleotides 63-
1387 in the 2nd round. The same pattern of non-specific banding was observed in samples 
from fish 1, extracted using DNAzol and Proteinase K (Figure 15, lanes 2 and 3, 
respectively). Strong PCR products of ~300, 400 and 700bp were observed but none of the 
expected size (1324bp). In fish 2 extracted using Proteinase K, the same banding pattern 
as described above was observed in that, with the exception that a doublet was observed at 
~400bp. In fish 2 extracted using DNAzol a different pattern was observed with PCR 
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products of~150, 450 and 1250bp. A number of bands (of ~350, 450, 550 and 1250bp) 
were observed in the negative control 
For nested PCR, primers designed to generate a 1484 base prur product, 
corresponding to nucleotides 8-1492 (empirically based) of the 16SrRNA in the 1st round 
and primers designed to generate a 1324 base pair product, corresponding to nucleotides 
63-1387 in the 2nd round. Despite the presence of a very strong product of the expected 
size (1324bp) when using nested PCR to amplify a sample from fish intestinal tissue and 
the Carnobacterium piscicola positive control (Figure 16, lanes 6 and 7, respectively), 
negative controls showed contamination (a band of the same size) at both first (lane 9) and 
second round stages (lanes 2 to 4). 
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Figure 14: PCR products amplified using DNA templates extracted from fish intestinal 
bacteria, for 35 cycles, primers 63-1387. 
Fish 1 extracted using DNAzol, forward primer only, lane 2; Fish 1 extracted usmg 
Proteinase K, forward primer only, lane 3; Fish 2 extracted using DNAzol, forward primer 
only, lane 4; Fish 2 extracted using Proteinase K, forward primer only, lane 5; Fish 1 
extracted using DNAzol, reverse primer only, lane 6; Fish 1 extracted using Proteinase K, 
reverse primer only, lane 7; Fish 2 extracted using DNAzol, reverse primer only, lane 8; 
Fish 2 extracted using Proteinase K, reverse primer only, lane 9; Fish 1 extracted using 
DNAzol, forward+ reverse ptimer, lane 12; Fish 1 extracted using Proteinase K, forward+ 
reverse primer, lane 13; Fish 2 extracted using DNAzol, forward + reverse primer, lane 14; 
Fish 2 extracted using Proteinase K, forward + reverse primer, lane 15; Blank, lane 16; 
Mastermix and water (negative control), forward primer only, lane 17; Mastermix and 
water (negative control), reverse primer only, lane 18; Mastermix and water (negative 
control), forward+ reverse primer, lane 19; 1 OObp ladder, lanes 1,1 0,11 and 20. 
Products were resolved on a 2% agarose gel containing 0.625mglml ethidium bromide, run 
at 120V for 20rnin. 
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Figure 15: PCR products amplified using semi-nested PCR and DNA templates extracted 
from fish intestinal bacteria, for 35 cycles. 
Fish 1 extracted using DNAzol, lane 2; Fish 1 extracted using Proteinase K, lane 3; Fish 2 
extracted using DNAzol, lane 4; Fish 2 extracted using Proteinase K, lane 5; Mastemux 
with water template (negative control), lane 6; 1 OObp ladder, lanes 1 and 7. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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Figure 16: PCR products amplified using negative controls and DNA templates extracted 
from either fish intestinal bacteria or bacterial colonies, for 35 cycles, and an annealing 
temperature of 57°C 
Mastermix with water template (negative control), lanes 2-4; Blank, lanes 5 and 8; Fish 2 
extracted using DNAzol, lane 6; Carnobacterium piscicola (positive control), lane 7; 
Mastermix with water template ( 1st round, negative control), lane 9; lOObp ladder, lanes 1, 
and 10. 
Products were resolved on a 1% agarose gel containing 0.625mglml ethidium bromide, run 
at 120V for 20min. 
4.4.3.10 Pre-treatment ofreagents with UV 
The effectiveness of the UV light was tested by exposing aliquots of water, used in 
the preparation of the mastermix, and a suspension of Yersinia ruckeri to UV light at 
increasing 5rnin intervals (0, 5, 10, 15 and 20mins). Figure 17 demonstrates that by 
increasing the length of time that samples of water were exposed to UV light, a decrease in 
the intensity of contaminating PCR product (- 1324bp) was obtained (lanes 2 to 6, 
respectively). However, contamination was not eliminated completely. When UV treated 
samples of Yersinia ruckeri were amplified, a PCR product of - 1324bp was observed but 
with no decrease in the intensity with increasing time of exposure (lanes 9 to 13, 
respectively). 
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Figure 17: PCR products amplified using negative controls and DNA templates extracted 
from bacterial colonies, for 35 cycles 
Mastermix with water template, UV treated for 0, 5, 10, 15, 20 minutes, lanes 2-6, 
respectively; Yersinia ruckeri, UV treated for 0, 5, 10, 15, 20 minutes, lanes 9-13, 
respectively; 1 OObp ladder, lanes 1, 7, 8 and 14. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
4.4.3.11 Effect of using commercially available sterile water and alternative 
primers 
The most likely reason for the presence of contaminating products in the negative 
controls was the presence of contaminating DNA in water used to prepare the PCR 
mastermix (P. Koumi, Forensic Science Service, Pers. Comrn.). Fresh reagents were 
reconstituted using commercially available sterile water were prepared in an attempt to 
eliminate contamination and an alternative primer (1389R) and different cycling 
parameters were used to improve speci ficity. A strong PCR product of the expected size 
(1324bp) was obtained in the positive control (Figure 18, lane 19) but faint products of this 
size were observed in the negative controls (lanes 15 to 18). Using a new primer (1389R) 
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and different cycling parameters (2min at 94°C instead of a hotstart, 30 cycles) did not 
appear to affect the generation of PCR products when using DNA extracted from intestinal 
samples; the same pattern of non-specific banding (a triplet at ~500bp) was observed in all 
samples (lanes 2-9 and 11-14) as shown in Figure 18. 
A hotstart was reintroduced, as a 2 mjnute denaturation appeared to have no effect 
on non-specific banding, and the PCR components used by Osbom et al. (2000) were 
compared to those used for the 16S rRNA amplification for colony identification (as used 
in the previous sections) using the original thennocycling parameters. Figure 19 shows 
that again non-specific banding was present for all intestinal samples, with only a very 
faint product of the expected size observed. A strong PCR product of the expected size 
(1324bp) was observed in the positive controls (lanes 6 and 16) and no products were 
observed in the negative controls (lanes 4, 5, 14 and 15). 
Fresh templates (fish la) were then prepared, to rule out degradation of DNA 
through freeze-thaw action. An optirnised PCR is illustrated showing strong PCR products 
of the expected size (1324bp) without non-specific banding (Figure 20, lanes 2 to 5), of 
similar intensity to the positive control (lane 6), and free of contamination (lane 7). 
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Figure 18: PCR products amplified using negative controls and DNA templates extracted 
from either fish intestinal bacteria or bacterial colonies, for 35 cycles unless otherwise 
indicated 
Fish 1 extracted using Proteinase K, lanes 2-9; Fish 1 extracted using Proteinase K, no 
hotstart, 30 cycles, lanes 11-14; mastermix with water template (negative control), lanes 
15-18; Yersinia ruckeri (positive control), lane 19; 100bp ladder, lanes 1, 10 and 20. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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Figure 19: PCR products amplified using negative controls and DNA templates extracted 
from either fish intestinal bacteria or bacterial colonies, for 30 cycles 
Fish 1 extracted using Proteinase K, Osbom's parameters, lanes 2 and 3; Mastermix and 
water template (negative control), Osborn's parameters, lanes 4 and 5; Yersinia ruckeri 
(positive control), Osbom's parameters, lane 6; Fish 1 extracted using Proteinase K, lanes 
12 and 13; Mastermix and water template (negative control), lanes 14 and 15; Yersinia 
ruckeri (positive control), lane 16; 100bp ladder, lanes 1, 7, 11 and 17; Blank, lanes 8, 9, 
10, 18, 19 and 20. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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Figure 20: PCR products amplified using negative controls and DNA templates extracted 
from either fish intestinal bacteria or bacterial colonies, for 30 cycles 
Fish la extracted using Proteinase K, lanes 2-5; Yersinia ruckeri (positive control), lane 6; 
mastermix with water template (negative control), lane 7; 1 OObp ladder, lanes 1 and 8. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at l20V for 20min. 
4. 4. 3.12 Effect of using fluorescent-labelled primers 
Unpredictably, when the fluorescent-labelled primer 1389HEX was used in tRFLP 
PCR, a band of ~1800bp (Figure 21, lanes 12 and 13), was observed along with the desired 
product of 1324bp. Therefore, amplifications were carried out using both 1389HEX and 
1387HEX, for comparison using bacterial DNA isolated from fish intestinal tissue. When 
1387RHEX was used a single product (1324bp) was observed (lanes 2 and 3). It was 
noted that when using 1387HEX to amplify fish 2 extracted with DNAzol no product was 
obtained (lane 4) and in the corresponding sample using 1389HEX (lane 14), only the 
1800bp product was observed. A single band of the expected size ( 1324bp) was observed 
for the positive control when using both sets of primers (lanes 5 and 15). Further PCR 
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reactions using 1389R without the fluorescent dye also showed the double banding (data 
not shown). A 1 Kbp ladder was used in order to size PCR products more accurately. 
Figure 21: PCR products amplified using negative controls and DNA templates extracted 
from fish intestinal bactetia for 30 cycles 
Fish 2 extracted using Proteinase K, primer 1387RHEX, lane 2; Fish 1 and 2 extracted 
using DNAzol, primer 1387RHEX, lanes 3 and 4, respectively; Yersinia ruckeri (positive 
control), primer 1387RHEX, lane 5; mastermix with · water template (negative control), 
primer 1387RHEX, lane 6; Fish 2 extracted using Proteinase K, primer 1389RHEX, lane 
12; Fish 1 and 2 extracted using DNAzol, primer 1389RHEX, lanes 13 and 14, 
respectively; Yersinia ruckeri (positive control), primer 1389RHEX, lane 15; mastermix 
with water template (negative control), primer 1389RHEX, lane 16; lKbp ladder, lanes 1, 
7, 11 and 17; Blank, lanes 8, 9, 10, 18, 19 and 20. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
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4.4.4 Conclusion to Section 4.4 
Data obtained from the previous study (comparison of extraction methods, section 
4.3) indicated a problem with contamination of the PCR. This can be a major problem in 
PCR amplification of 16S rRNA gene fragments (Grahn et al. 2003). Grahn and eo-
workers (2003) found contaminating DNA in reagents used for PCR. Contaminating 
bacteria were identified as belonging to the genera Pseudomonas, Stenotrophomonas, 
Xanthomonas, Ralstonia and Bacillus. Notably, Pseudomonas, Stenotroplwmonas and 
Ralstonia sp. were found to be present in PCR mastermix samples prepared during the 
previous study (section 4.3.3). It was therefore essential to optimise the 16S rRNA gene 
PCR for use with fish intestinal samples, to reduce the potential for contamination of the 
PCR, as far as possible, to avoid the amplification of foreign bacterial DNA. In addition, it 
was necessary to increase the intensity of the PCR product, and minimise non-specific 
binding to avoid cloning and sequencing the wrong product. 
To decrease contamination, fresh mastermix was prepared in a laminar flow cabinet 
and amplifications carried out using samples of both mastermix alone and mastermix with 
water for a range of thermocycles. Decreasing the number of thermocycles decreased the 
intensity of the contaminating product. PCR was reduced to 30 cycles and the mastermix 
was passed through a 0.2JLm filter prior to PCR. However, although some negative 
samples appeared free of contamination, the results were not consistent. Reducing the 
cycles to 25 decreased further the intensity of contaminating product. However, at 20 
cycles, although a contaminating product has been eliminated, the signal in the positive 
control is also proportionally low. Using a pre-mixed commercial master mix did not 
reduce contamination but using UV treated reagents and preparing samples in a laminar 
flow cabinet showed promise. 
Further work using bacterial DNA extracted from intestinal samples and water as a 
negative control showed non-specific banding and contaminating DNA had returned, 
despite changing to a different type of thermocycler to ensure elongation times were long 
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enough. To determine whether the concentration of DNA in these samples was high 
enough to be inhibiting the amplification, the extracts were run directly on an agarose gel. 
Concentrations of DNA were not high enough to be observed. 
Dilution of the template did not increase the intensity of the product to an 
acceptable level or reduce non-specific banding, but increasing the annealing temperature 
to 57°C slightly improved the specificity. The use of a 1% gel then improved the 
brightness of the PCR product by separating it from the bromophenol blue dye present in 
the loading buffer. 
It is possible that non-specific binding of the primers in either or both directions 
causes multiple bands present on the gels of gut extract samples. Primers would therefore 
become depleted in the reaction and smaller products may be formed. To determine if this 
was the case, mastermixes were prepared containing forward primer only, reverse primer 
only and both. PCR products obtained when using the reverse primer only suggested that 
the reverse primer was binding non-specifically. 
The use of semi nested PCR did not improve specificity. Nested PCR was also 
tried, using a variety of primer combinations at both 35 and 30 cycles and at annealing 
temperatures of 55°C and 57°C. However, despite strong products, negative controls 
showed contamination at both first and second round stages. 
During optimisation of the assay the author of an original paper on tRFLP (Osbom 
et al. 2000) was contacted, and on his advice fresh reagents were used, prepared with UV 
sterilised, sterile water aliquots, and the PCR cycle number was reduced from 35 to 30. A 
PCR Purifier hood was purchased and all manipulations prior to PCR were carried out in 
this. The effectiveness of decontamination using the UV lamp in the PCR purifier hood 
increased with exposure time. However, it was noted that after a 20min exposure, water 
was still contaminated. 
Following further advice (P. Koumi Pers. Comm.), molecular grade water was 
purchased in sterile aliquots and used to reconstitute fresh primers, including a new primer 
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1389R. This primer was used by Osbom et al. (2000) to avoid a potential mismatch at the 
3' end of the primer (position 1388). Osbom's tRFLP protocol was revisited and new 
parameters tested (2min at 94"C instead of a hotstart, 30 cycles). Results showed that 
although the positive control produced a product, inhibitors of the PCR might still be 
present in intestinal samples as no product of the correct size was present. The hotstart 
was therefore reintroduced and Osbom's PCR components compared to the modified 
version. After 30 cycles at a 57"C annealing temperature, both negative and positive 
controls were successful and a product was observed in templates from intestinal samples. 
However, non-specific banding was still visible. 
Fresh templates were prepared to rule out the freeze-thaw effect on the recovery of 
DNA. These were run using the original parameters; primers (63F, 1389R) reconstituted 
using commercially available sterile water, and with all manipulations carried out in the 
PCR hood and single, strong PCR products, free of contaminating DNA were obtained. 
Unpredictably, when 1389RHEX, and fresh 1389R were reconstituted and used for the 
amplification of DNA from intestinal samples with the optimised tRFLP PCR, an extra 
band slightly higher than the desired product appeared. This problem was overcome by 
using 1387RHEX. Further PCR reactions showed the double banding inexplicably 
occurring in 1389R without the fluorescent dye. As this occurred following reconstitution 
of fresh primers only, it suggests a problem with the primer batch. 
To summarize, a PCR reaction to amplify DNA templates for tRFLP analysis was 
optimised. All of the reaction conditions were as described for colony identification 
(chapter 2, section 2.7.7.2), with the exception that templates were prepared using either 
the DNAzol or proteinase K DNA extraction methods, and, unless otherwise described, the 
PCR reaction was performed using 30 PCR cycles and an annealing temperature of 57°C. 
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4.5 tRFLP DEVELOPMENT AND VALIDATION 
4.5.1 Introduction 
As previously reported, (section 4.3), amplification products of DNA extracted 
from the bacteria present in the intestine were purified using the Geneclean® (Bio 101 inc.), 
ligated into a pGE~-T cloning vector (Promega) and transformed into competent E. coli 
cells (Promega) prior to sequencing. To establish the range of bacteria present in the 
intestine during preliminary studies, a number of clones were sequenced. To improve 
confidence in results, a greater number of clones would have to be sequenced on a given 
plate- but the time required as well as cost of this made it unfeasible. 
To overcome this problem a Restriction Fragment Length Polymorphism (RFLP) 
method (Vergin et al. 2001) was investigated for use in identification studies This method 
enables the digestion of a large number of clones using restriction enzymes and the 
resulting fragments can be visualised on an agarose gel. In theory, identical clones should 
have identical restriction fragment patterns. These clones can be grouped and a 
representative clone from each group sequenced, thus, greatly reducing the work and 
improving the reliability of the data. However, the work involved to obtain RFLP data for 
each of the ten fish sampled would still be extensive. Therefore, in order to compare 
replicates, Terminal Restriction Fragment Length Polymorphism (tRFLP) analysis (Osbom 
et al. 2000) was investigated. 
For this approach, fluorescent labelled 16s PCR primers, restriction fragments are 
analysed using the GeneScan™ program on the ABI Prism® 310 genetic analyser. In the 
resulting profile, each bacterial species is in theory represented by a peak and the area 
under the peak is proportional to the population size of this species. The samples from ten 
fish could then be compared and, if the profiles are similar, RFLP analysis can be 
performed on a single fish. Not only does this data prove useful in determining dominant 
and anaerobic species but it can also be used for in vivo studies, providing a means of 
monitoring changes in microbial populations as a result of using prebiotic feed, as it is 
138 
fairly rapid and results are easily compared. This provided an alternative to the use of the 
BiOLOG system for microbial community analysis. 
The aim of this study was to develop and validate a tRFLP method to monitor 
bacterial communities. Initially, the tRFLP method was optimised using samples spiked 
with known bacteria and then with DNA templates of bacteria present in the intestine 
prepared using different extraction methods. These results added to the reliability of the 
chosen extraction method. Further optimisation, in order to increase peak size and 
resolution, included the following: 
1) Comparison of GeneScan TM, data obtained using pooled gel fragments with those 
obtained from single fragments. 
2) Increasing the digest volume to increase peak size. 
3) In addition, to DNAzol and Proteinase K, two further extraction methods were 
tested to increase the efficiency of extraction. 
4) Testing a range of enzymes to improve the resolution of GeneScan ™ data, by 
separating the peaks. 
Preliminary studies for the development tRFLP analysis were carried out alongside studies 
to optimise the tRFLP PCR reaction and, therefore, different primers combinations were 
investigated throughout this study. Finally, the precision of the PCR reaction and enzyme 
digestion was investigated to ensure reproducibility. 
4.5.2 Materials and methods 
4.5.2.1 tRFLP analysis using water spiked with bacteria 
Preliminary tests were carried out using water spiked with bacteria isolated from 
fish intestine and using the optimised 16S rRNA PCR conditions (tRFLP PCR), as 
described in chapter 2. Three primer combinations were tested, 63FFAM + 1387RHEX, 
63FFAM + 1387R and 63F + 1387RHEX. Two crude mixtures containing 3 bacteria were 
prepared in l2J.Ll sterile molecular grade water. Both contained one colony each of 
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Serratia fontico/a and Plesiomonas shigel/oides, the mixtures differing in the number of 
colonies of Carnobacterium piscico/a present. Mixture 1 contained one colony and 
mixture 2 contained greater than 5 colonies of Carnobacterium piscicola. The tRFLP 
analysis was carried out on these samples using Mbol and Haem, in the first instance. A 
negative control (water) was included. The study was repeated using a different 
combination of bacteria (mixtures 3 and 4), Aeromonas veronii, Plesiomonas shigel/oides 
and Carnobacterium piscicola. Both contained one colony each of Aeromonas veronii and 
Plesiomonas shigelloides, the mixtures differing in the number of colonies of 
Carnobacterium piscicola present. Mixture 3 contained one colony and mixture 4 
contained greater than 5 colonies of Carnobacterium piscicola. 
4.5.2.2 tRFLP as a semi-quantitative assay 
To determine whether tRFLP analysis could be used as a semi-quantitative assay, 
broth cultures of Aeromonas veronii and Carnobacterium piscicola (isolated during 
investigations into the fish intestinal microflora using conventional culture methods, 
chapter 7, section 7.3.4.1) and Yersinia ruckeri (NCIMB 2194) were prepared and bacterial 
DNA extracted. The DNA concentration in each bacterial DNA extract was measured and 
samples diluted using sterile molecular grade water to yield equal amounts of DNA. 
(100ng/JLJ) (Appendix 2). A volume of l.5JLI of each diluted extract was added to the PCR 
reaction, along with 0.5JLI sterile molecular grade water. 16SrRNA gene amplification 
(tRFLP PCR), using primers 63FFAM and 1387RHEX, and tRFLP analysis, using Alul 
and Hhal (as used by Osbom et al. 2000), was carried out. A negative control (water) was 
included. 
4.5.2.3 tRFLP analysis using DNA extract spiked with bacteria 
Further development of tRFLP analysis involved spiking bacteria ( Carnobacterium 
piscicola, Aeromonas sp. and Yersinia ruckeri (NCIMB 2194) into DNA extracts derived 
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from intestine samples (intestinal extract from LAC 0.01, day 0 fish 2, chapter 7, section 
7.3.4.2, Figure 61) previously shown to give a high intensity PCR product but poor 
GeneScan TM data. The aim was to determine whether there are inhibitors present in the 
PCR reaction that might be carried over into the tRFLP assay. Broth cultures of isolates 
were prepared and bacterial DNA extracted. Total viable counts were performed to 
correlate bacterial cells with DNA concentration. The DNA concentration in each 
bacterial DNA extract was measured and samples diluted using sterile molecular grade 
water to yield equal amounts of DNA (100ng/J.d). The following PCR reactions were set 
up: 
a) 2.5J.Ll of bacterial DNA extract (for each bacteria)+ 2.5J.Ll of intestinal 
extract, 
b) 2.5J.Ll of bacterial DNA extract (equal mix of all bacteria) + 2.5J.Ll of 
intestinal extract, 
c) 2.5J.Ll of intestinal extract+ 2.5J.Ll of sterile molecular grade water. 
16SrRNA gene amplification (tRFLP PCR) with primers 63FFAM and 1387RHEX, and 
• 
tRFLP analysis, using Alui and Hhal, was carried out as described. A negative control 
(water) was included. 
4.5.2.4 Effect of extraction method 
In addition, to DNAzol and Proteinase K, two further extraction methods were 
tested to increase the efficiency of extraction; a commercial kit, Spin Stool (DNAce) 
(Bioline), used according to the manufacturer's instructions and DNAzol with a lysozyme 
pre-treatment. Bacterial DNA extracted using either DNAzol or Proteinase K isolated 
from a single fish was amplified using tRFLP PCR (primers 63FFAM, 1389R) and tRFLP 
analysis was carried out using Alul and Hhal. 
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4.5.2.5 Effect of using pooled gel fragments 
To further improve peak size using GeneS can ™, data obtained using pooled gel 
fragments were compared to those run in singleton. Bacterial DNA extracted using either 
DNAzol or Proteinase K (fish 1 and 2, section 4.3.2.3) was amplified using tRFLP PCR 
and the primers 63FF AM, 1389R. Three gel fragments per fish represented a pooled 
sample and were purified as previously described (chapter 2), with the exception that 1 ml 
rather than 400JLl ofNal was used, and tRFLP analysis was carried out using Alul. 
4.5.2.6 Effect of increasing digest volume 
The volume of digest used for GeneScan ™ analysis was increased in an effort to 
increase peak size on resulting profiles. Bacterial DNA extracted using Proteinase K (fish 
1, section 4.3.2.3) was amplified using.tRFLP PCR (primers 63FFAM, 1389R) and tRFLP 
analysis was carried out using Hhal. Digest volumes of lj.tl and 2j.tl were compared. 
4.5.2. 7 Effect of different enzymes 
To improve the resolution of GeneScan ™ data, by separating the peaks, a range of 
enzymes were tested. Bacterial DNA extracted using either DNAzol or Proteinase K from 
a single fish was amplified using tRFLP PCR (primers 63FF AM, 1387RHEX) and purified 
samples were pooled. The tRFLP analysis was carried out using the enzymes Mbol, Alul, 
Haeiii, Hhal, Pstl, Hindiii and BamHI to digest samples (chapter 2, section 2. 7.17). 
4.5.2.8 Validation oftRFLP analysis 
To determine the precision of the PCR reaction, five amplifications from the same 
template of DNA, extracted using Proteinase K, were carried out using primers 63FF AM, 
and 1387RHEX, followed by tRFLP analysis, using Alul and Hhal. 
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To determine the precision of the enzyme digestion (Alul), three digests from the 
same PCR reaction (amplified using primers 63FFAM, 1387RHEX) were carried out, 
followed by tRFLP analysis. 
4.5.3 Results 
4.5.3.1 tRFLP analysis using water spiked with bacteria 
These preliminary studies were carried out whilst the tRFLP PCR was being 
optimised. Three primer combinations, 63FFAM + 1387RHEX, 63FFAM + 1387R and 
63F + 1387RHEX, were used to amplify pre-prepared water spiked with bacteria. Samples 
were then digested with the restriction enzymes Mbol and Hae Ill, in the first instance. 
Using bacterial mixtures 1 and 2, no peaks were observed when using primers 63F + 
1387RHEX despite generation of good amplification products (data not shown). Using 
primer combinations 63FFAM + 1387R and 63FFAM + l387RHEX a single peak 
(-275bp) was observed in both bacterial mixtures I and 2 (Figure 22 and 23). No peaks 
were observed in negative controls. 
The study was repeated but changing one of the bacterial species (mixtures 3 and 
4). Using 63F + 1387RHEX, a single peak of -190bp was observed when samples were 
digested with Haeiii, and one dominant peak of -260bp was observed, along with a 
smaller peak at of -lOObp, when samples were digested with Mbol (Figure 24). Using 
63FFAM + 1387R, three peaks were observed of -80, 225 and 250bp when digested with 
Mbol and -60, 165 and 170bp when digested with Haeiii (Figure 25). Using 63FFAM + 
1387RHEX, three peaks were observed ( -165, 170 and 185bp) when digested with Haeiii 
and three green peaks (-80, 90 and IIObp) and three blue peaks (-225, 230 and 250bp) 
when digested with Mbol (Figure 26). No peaks were observed in the negative control 
digested with Haelll, but some small peaks, at different positions to those from samples, 
were observed in the Mbol negative control. 
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Figure 22: Genescan TM profiles for water samples spiked with bacteria (mixtures 1 and 2) 
and a negative control, amplified using primers 63FFAM, 1387R and digested using Haem 
and Mbol. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal- restriction fragments from the terminal 16S -specific amplicons. 
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Figure 23: Gene scan ™ profiles for water samples spiked with bacteria (mixtures 1 and 2) 
ontrol, amplified using primers 63FFAM, 1387RHEX and digested using 
I. 
and a negative c 
Haem and Mho 
Red peaks = Ro 
160, 150, 139, 
x500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
100, 75, 50bp, *peak not used to size san1ples). Blue peaks represent 
terminal restrict ion fragments from the terminal 16S- specific amplicons. 
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Figure 24: Genescan ™ profiles for water samples spiked with bacteria (mixtures 3 and 4) 
and a negative control, amplified using primers 63F, 1387RHEX and digested using Haeiii 
and Mbol. 
Red peaks = Rox500 standard (right to left on Neg Mboi 500, 490, 450, 400, 350, 340*, 
300, 250*, 200, 160, 150, 139, 100,75, 50bp, *peak not used to size samples). Blue peaks 
represent terminal restriction fragments from the terminal 16S -specific arnplicons. 
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Figure 25: Genescan ™ profiles for water samples spiked with bacteria (mixtures 3 and 4) 
and a negative control, amplified using primers 63FFAM, 1387R and digested using Haem 
and Mbol. 
Red peaks = Rox500 standard (right to left on Neg Haem 500, 490, 450, 400, 350, 340*, 
300, 250*, 200, 160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks 
represent terminal restriction fragments from the terminal 16S - specific amplicons. 
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Figure 26: Genescan ™ profiles for water samples spiked with bacteria (mixtures 3 and 4) 
and a negative control, amplified using primers 63FFAM, 1387RHEX and digested using 
Haem and Mbol. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue/green peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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4.5.3.2 tRFLP as a semi-quantitative assay 
Using bacterial DNA of known concentrations, water samples were spiked, 
amplified using primers 63FF AM + 1389RHEX and tRFLP analysis carried out. Using 
Alul to digest samples (Figure 27), two dominant peaks were observed for Aeromonas 
veronii (-25 and 139bp), Carnobacterium piscicola (-25 and 125bp) and Yersinia ruckeri 
(-25 and 330bp). A number of small peaks were also observed for the first time; these 
were not present in previous profiles using these bacterial species (data not shown). 
Although the ROX standard was not present for the bacterial mixture, it appeared that all 
peaks were present. No peaks were observed in the negative control. It was difficult to 
determine whether semi-quantitative data was produced, as it was not possible to 
determine the area under the peak. 
Using Hhal to digest samples (Figure 28), two dominant peaks were observed for 
Aeromonas veronii (-115 and 550bp), Carnobacterium piscicola (-300 and 550bp) and 
Yersinia ruckeri (-300 and 335bp). A number of small peaks were also observed for the 
first time; these were not present in previous profiles using these bacterial species (data not 
shown) and all peaks were present for the bacterial mixture. No peaks were observed in 
the negative control. Again, it was difficult to establish whether semi-quantitative data 
was produced, as it was not possible to determine the area under the peak. 
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Figure 27: Genescan™ profiles for water samples spiked with known concentrations of 
DNA from Aeromonas veronii (A V), Carnobacterium piscicola (CP), Yersinia ruckeri 
(YR), A V, CP and YR mix, along with a negative control, amplified using 63FF AM, 
1389RHEX and digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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Figure 28: Genescan ™ profiles for water samples spiked with known concentrations of 
DNA from Aeromonas veronii (A V), Carnobacterium piscicola (CP), Yersinia rnckeri 
(YR), AV, CP and YR mix, along with a negative control, amplified using 63FFAM, 
1389RHEX and digested using Hhai. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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4.5.3.3 tRFLP using DNA extract spiked with bacteria 
Further investigations involved spiking bacteria into intestinal extract to establish 
the presence of inhibitors. Figures 29 and 30 show identical profiles to those observed 
when the same bacterial DNA was spiked into water (section 4.4.3.2). Analysis of the 
intestinal extract alone revealed two small peaks, in contrast to previous data obtained 
using this template (chapter 7, section 7.3.4.2, Figures 66 and 67), where no peaks were 
observed on GeneScan TM profiles. No peaks were observed in the negative controls. 
4.5.3.4 Effect of extraction method 
In addition to Proteinase K and DNAzol, two further extraction methods were 
tested in an attempt to DNA quality and yield and the number and intensity of terminal 
restriction fragment peaks on the GeneScan TM profiles. A commercial kit, Spin Stool 
(DNAce) (Bioline), and DNAzol with an additional lysozyme pre-treatment were tested 
using bacterial DNA isolated from samples of fish intestine. No PCR products were 
obtained for intestinal samples extracted using the Spin Stool (DNAce) kit, and therefore, 
TM TM GeneScan data was not produced. GeneScan profiles from samples extracted using 
DNAzol with a lysozyme pre-treatment, did not differ significantly from those obtained 
from samples extracted using DNAzol alone (data not shown). 
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Figure 29: Genescan™ profiles for intestinal extract spiked with Aeromonas veronii (AV), 
Carnobacterium piscicola (CP), Yersinia ruckeri (YR), AV, CP and YR mix, along with 
template only (Temp) and a negative control, amplified using 63FFAM, 1389RHEX and 
digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 168- specific amplicons. 
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Figure 30: Genescan ™ profiles for intestinal extract spiked with Aeromonas veronii (AV), 
Carnobacterium piscicola (CP), Yersinia ruckeri (YR), AV, CP and YR mix, along with 
template only (Temp) and a negative control, amplified using 63FFAM, 1389RHEX and 
digested using Hhal. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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4.5.3.5 Effect of using pooled gel fragments 
To further improve peak size on GeneScan ™ profiles data from pooled gel 
fragments were compared to those run in singleton (Figure 31 and 32). A number of small 
peaks were present along the baseline for all DNA templates extracted using either 
DNAzol or Proteinase K. A dominant peak of -25bp was noted in all samples. Peaks of 
-200 and 205bp were also present in all samples and the area under the 200bp peak was 
larger in those extracted using Proteinase K. An additional peak of -220bp was observed 
in the profile from fish 2 obtained from a single gel fragment. No additional peaks were 
observed on GeneScan TM profiles for pooled samples than were present on those from 
single fragments and, in general, peaks were larger on profiles from samples extracted with 
Proteinase K. 
4.5. 3. 6 Effect of increasing digest volume 
Increasing the digest volume increased peak size but no peaks in addition to those 
of- 190 and 290bp (Hhai) were observed (Figure 33). 
4.5.3. 7 Effect of different enzymes 
To improve the resolution of GeneScan TM data, by separating the peaks, a range of 
enzymes were tested. Alui and Hhai showed the highest number of overall peaks (4) along 
with good separation of peaks across the profile (Figure 34). 
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Figure 31: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 and 2) using 
DNAzol, amplified using 63FF AM, 1389R. Gel fragments were either pooled or 
processed in singleton for tRFLP analysis and digested using Alul. 
Red peaks = Rox500 standard (right to left 450, 400, 350, 340*, 300, 250*, 200, 160, 150, 
139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent terminal 
restriction fragments from the terminal 16S - specific amplicons. 
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Figure 32: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 and 2) using 
Proteinase K, amplified using 63FF AM, 1389R. Gel fragments were either pooled or 
processed in singleton for tRFLP analysis and digested using Alul. 
Red peaks = Rox500 standard (right to left 450, 400, 350, 340*, 300, 250*, 200, 160, 150, 
139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent terminal 
restriction fragments from the terminal 16S - specific amplicons .. 
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Figure 33: Genescan ™ profiles for DNA extracted from fish intestine (fish 1) using 
Proteinase K, amplified using 63FF AM, 1389RHEX, digested using Hhal, and digest 
volumes of 1J.Ll and 2JLI. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal16S - specific arnplicons. 
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Figure 34: Genescan TM profiles for DNA extracted from fish intestine using Proteinase K, 
amplified using 63FFAM, 1387RHEX, digested using Alul, BamHI, Haeiii, Hhal, Hindiii, 
Mbol and Pstl. 
Red peaks= Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue/green peaks represent 
terminal restriction fragments from the terminal 16S - specific arnplicons. 
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4.5.3.8 Validation oftRFLP analysis 
Five PCR reactions from the same DNA extract (intestinal sample) were carried 
out, digested using Alul and Hhai and followed by tRFLP analysis, to determine the 
precision (within-run) of the PCR reaction. Excellent reproducibility was noted, as 
illustrated in Figures 35 and 36. In samples digested with Alui two dominant peaks of -25 
and 200bp and a small peak of -205bp were observed in each of the profiles. A small peak 
of -250bp was observed in sample 2 that was not observed in the rest of the samples. In 
samples digested with Hhal two dominant peaks of -190 and 520bp were observed in each 
of the profiles. However, data from sample 5 was unclear. 
Three digests from the same PCR reaction were carried out, using Alul and Hhal, 
followed by tRFLP analysis to determine the precision of the digestion. Excellent 
reproducibility was noted, as illustrated in Figures 37 and 38. For samples digested with 
Alul, two dominant peaks of -70 and 200bp and one smaller peak of -50bp were observed 
in each sample. For samples digested with Hhal, two dominant peaks of -190 and 290bp 
and one smaller peak of -50bp were observed in each sample. 
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Figure 35: Genescan ™ profiles for DNA extracted from fish intestine using Proteinase K, 
amplified using 63FF AM, 1387RHEX, digested using Alul (PCR precision, replicates 1-
5). 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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Figure 36: Genescan TM profiles for DNA extracted from fish intestine using Proteinase K, 
amplified using 63FF AM, 1387RHEX, digested using Hhal (PCR precision, replicates 1-
5). 
Red peaks = Rox500 standard (right to left 530* 500, 490, 450, 400, 350, 340*, 300, 250*, 
200, 160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the termina116S- specific amplicons. 
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Figure 37: Genescan ™ profiles for DNA extracted from fish intestine using Proteinase K, 
amplified using 63FFAM, 1387RHEX, digested using Alul (digestion precision, replicates 
1-3). 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fi·agments from the terminal 16S- specific amplicons. 
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Figure 38: Genescan TM profiles for DNA extracted from fish intestine using Proteinase K, 
amplified using 63FFAM, 1387RHEX, digested using Hhal (digestion precision, replicates 
1-3). 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
4.5.4 Conclusion to Section 4.5 
The tRFLP method was first investigated using molecular biology grade water 
spiked with known bacteria (3 different genera) and using the PCR conditions that had 
been optimised for the 16SrRNA bacterial identification method. Three primer 
combinations were tested, 63FFam + 1387RHex, 63FFam + 1387R and 63F + 1387RHex. 
The most effective primer combination appeared to be that containing both forward and 
reverse fluorescent-labelled primers. GeneScan TM profiles for the other primers 
combinations showed a single peak at this stage. This may have represented all 3 bacteria 
or just one, the other two not being detected. The latter would seem most likely, as 
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bacteria from 3 distinct genera are unlikely to have the same restriction sites. It would be 
of interest to test samples spiked with different species ofbacteria from the same genus to 
determine whether individual peaks relate to individual species once the assay is fully 
optimised. The study was repeated exchanging one of the bacterial species (mixtures 3 and 
4). When amplified with a mastermix containing the fluorescent-labelled forward and 
reverse primers three peaks were observed when digested with Haem and three green 
peaks and three blue peaks when digested with Mbol, which likely corresponded to each of 
the bacteria present. No peaks were observed the negative control, reaffirming that the 
reaction was free of contamination. 
At this stage, preliminary investigations were carried out to establish whether 
tRFLP analysis could be used as a semi-quantitative assay by increasing the proportion of a 
single bacterium in the sample mix. Although some results looked promising, results were 
not consistent when using the different primer combinations. However, further 
investigations into whether tRFLP analysis could be used as a semi-quantitative assay were 
carried out. The DNA concentration in each bacterial extract was measured and equal 
amounts were added to subsequent test samples. It was difficult to determine whether 
semi-quantitative data was produced, as it was not possible to determine the area under the 
peak. It should also be noted that as bacteria differ in physical size, optical density (OD) 
measurements are unlikely to equate to the same bacterial cell numbers. For example, in-
house experience has shown that an OD of 1.25 at 540nm gives a concentration of 
approximately 1 x 1 08 cfulml for Renibacterium salmoninarum, whereas an OD of 0.2 at 
540nm gives a concentration of approximately I x 108 cfulml for Aeromonas salmonicida. 
At this stage, the technique was optimised using bacterial DNA extracted from fish 
intestine. A number of strong PCR products were produced from which weak GeneScan ™ 
profiles (few or no peaks) were obtained, and so a further developmental stage involved 
spiking bacteria into intestinal extract. Results indicated that nothing present in the tested 
extract interfered with the detection of peaks when using bacterial DNA at the 
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concentrations described. In general, peak size appeared to be small when testing 
intestinal extract. This may have been related to the concentration of bacterial DNA in the 
sample, but it also indicated that the assay required further optimisation. 
To further improve peak size and to resolve additional peaks on GeneScan TM, data 
from pooled gel fragments were compared to those run in singleton. Amplification 
products were cleaned, digested using Hhal and Alul (as used by Osbom 2000) and run 
using GeneScan ™. Results confirmed that single gel fragments would give adequate 
peaks and Proteinase K was determined to be the most efficient extraction method; 
Increasing the digest volume increased peak size as expected but did not improve 
the resolution of additional peaks. In addition to Proteinase K and DNAzol, two further 
extraction methods were tested to increase the efficiency of extraction, a possible factor in 
the detection of few peaks on GeneScan™ profiles; a commercial kit, Spin Stool (DNAce) 
(Bioline) and DNAzol with a lysozyme pre-treatment. These did not solve the problem 
Initial studies, using water samples spiked with bacteria, used the enzymes Haeiii 
and Mbol for digestions. It was noted that peaks were close to the contaminating primer 
peak on the ABI system. In further attempts to improve the resolution of GeneScan ™ 
data, by separating the peaks, a range of enzymes were tested - Mbol, Alul, Haeiii, Hhai, 
Pstl, Hindiii and BarnHI. Alul and Hhal appeared to yield the greatest number of peaks 
and the best spread across the GeneScan TM profile and were used in further studies. These 
two enzymes were previously chosen and applied by Osbom et al. (2000), however, it was 
felt important to establish the most applicable enzymes using bacterial DNA extracted 
from fish intestine. 
Following the optimisation of the method, it was felt that some effort should be put 
into validating the technique, although it was realised that due to the time constraints of the 
project this could not be a thorough validation. However, both PCR and digest precision 
(within-run) were investigated and excellent reproducibility was noted for both, which 
improved confidence in the technique. 
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4.6 GENERAL DISCUSSION 
A sampling and processing protocol for the determination of intestinal bacteria 
using molecular methods was developed. DNA extracts were prepared from both frozen 
and fresh pellets of gut homogenate and were amplified using PCR. Initially, it proved 
difficult to generate a PCR product from the intestinal extracts. Products were either weak 
or absent. The optimisation of GeneScan ™ to allow analysis of these weaker PCR 
products proved difficult and therefore the quality of the amplification product was 
improved instead. 
Despite some initial problems with contamination and weak PCR products, and 
following contact the author of an original paper on tRFLP (Osbom et al. 2000), fresh 
reagents prepared with UV sterilised, sterile water aliquots, obtained from a new supplier 
were used, and the PCR cycle number was reduced from 35 to 30, including a hotstart. 
With some additional minor modifications strong PCR products were obtained from all 
samples tested with no signal in the negative control. 
It is important to eliminate the potential for contaminating bacteria being amplified 
in a sample and biasing the study (Kwok and Higuchi 1989; Goldenberger and Altwegg 
1995). Therefore, all DNA extractions and PCR reactions were carried out in a 'Purifier 
PCR enclosure' (Labconco, U.S.A.) and where possible, all reagents and equipment were 
autoclaved (Jackson et al. 1992) at 121 oc for 15min and exposed to UV light prior to use 
(Sarkar and Sommer 1990; Jackson et al. 1992) for 5min using the UV lamp in the Purifier 
PCR enclosure. 
To achieve an accurate characterisation of microbial communities some additional 
points to consider include the efficiency of the extraction method to recover DNA from all 
organisms in the sample and the efficiency of the PCR reaction to amplify DNA from 
individual species without preference, to avoid biased information and the application of a 
number of restriction digests. It has previously been mentioned that different methods of 
extraction can vary in their efficiency to extract DNA from all bacteria present in certain 
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samples. This may be a result of the matrix of the sample, for example, soils and 
sediments (Leff et al. 1995; Miller et al. 1999), or the physical characteristics of the 
bacterial cell (Pelczar et al. 1986). Most methods of extraction are based on the direct lysis 
and extraction of DNA from cells within the sample matrix rather than the recovery of 
cells prior to lysis. However, direct lysis may result in the extraction of a greater quantity 
ofPCR inhibitory substances (Tsai and Olson 1992). Mumy and Findlay (2004) developed 
an external DNA recovery standard to be used with quantitative-competitive PCR (QC-
PCR) to quantifY the efficiency of DNA extraction. Following results that showed that 
commercial kits varied in extraction efficiency on a sample-by-sample basis they suggest 
that any quantitative DNA studies include an estimation of DNA recovery. 
The efficiency of PCR should also be considered. Suzuki and Giovannoni (1996) 
and found that PCR hac:f a tendency to differentially amplifY templates preventing the 
quantification of relative abundance in the community and Clement et al. ( 1998) showed 
that annealing temperature affected relative abundance. Clement et al. (1998) suggest 
combining arnplicons from multiple PCR reactions to reduce PCR bias. In the present 
study (section 4.4.3.2), pooling arnplicons did not appear to resolve any additional species 
and single amplicons were found to adequately sized peaks. In addition, Clement et al. 
(1998) found that accurate characterisations of in vitro communities were only achieved by 
combining the tRFLP data from a number of different enzyme digestions confirming the 
suggestion by Brunk et al. ( 1996), that different bacteria might produce identical tRFLP's 
when using a single restriction enzyme. 
The initial plan of study involved a literature search for potential bacterial strains of 
known interest and the subsequent database search for primer sequences specific to these 
strains, followed by the development of a nested PCR protocol using the identified primer 
sequences. However, it proved more valuable overall to spend the remaining time 
developing and validating the tRFLP method, which could be used for a variety of 
applications. Applications include the monitoring of bacterial population dynamics during 
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in vivo trials, determination of dominant bacteria and the confirmation of similar bacterial 
communities between fish in a given population. 
It would be of interest to design primers to specific strains isolated during the 
conventional agar study, especially if these strains show increased growth in the presence 
of specific prebiotics during future in vitro work and ultimately improve the health status 
of the fish. Fish from different farm sites could then be screened for the presence of these 
bacteria to assess the feasibility of developing prebiotic feed useful over a range of sites. 
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CHAPTERS 
INVESTIGATIONS INTO THE INTESTINAL MICROFLORA OF RAINBOW 
TROUT (ONCOHRYNCHUS MYKTSS) USING CONVENTIONAL 
MICROBIOLOGICAL AND MOLECULAR BIOLOGICAL TECHNIQUES 
5.1 GENERAL INTRODUCTION 
With the basic methodologies developed (Chapters 3 and 4), the next critical step 
was to employ these methods to determine, as far as possible, the normal microbial flora of 
the fish intestine. Without this fundamental background information, assessment for the 
selection of candidate prebiotic compounds cannot be made. There are already studies in 
the scientific literature that provide guidance on bacterial groups that have so far been 
identified and which are likely to be of value for initial investigations, (for example, Ringl:l 
et al. 1995; Gonzalez et al. 1999; Ringl:l and Gatesoupe 1999). However, nearly all of 
these published studies have used only conventional bacteriological (culture) techniques 
and almost all of these have only considered the aerobic component of bacterial 
populations. It is widely acknowledged that investigations using culture techniques alone 
can only reveal a small part of a total bacterial population (Fry 2000). 
In the present study, initial investigations using conventional culture methods were 
carried out, building on work already published in the scientific literature (Trust and 
Sparrow 1974; Trust et al. 1979; Sakata et al. 1980; Nieto et al. 1984; Austin and AI-
Zahrani 1988; Starliper et al. 1992; Gonzalez et al. 1999; Spanggaard et al. 2000; Huber et 
al. 2004). It was not the intention to carry out an in-depth survey of the intestinal 
microflora of salmonids; published data is available. Rather, a study of 'significant' 
bacteria in the salmonid intestine, defined as those identified morphologically as being 
dominant in what was expected to be a heterogenous population. A wide range of media 
including non-selective high nutrient and low nutrient agars coupled with media designed 
to be selective for Aeromonas, Pseudomonas, Flavobacterium, and Lactobacillus spp., 
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incubated under both aerobic and anaerobic conditions, were used to culture intestinal 
bacteria. The intestinal microflora was then examined using molecular biological 
techniques to confirm identifications achieved using the traditional approaches, and to 
attempt to identify any additional non-culturable or strictly anaerobic bacteria in the gut 
flora. 
Many of the concepts and alternatives that were considered are discussed more 
fully in the general discussion (section 5.5). However, of crucial importance was the 
selection of fish to be examined. A number of published studies are available detailing the 
intestinal micro flora of rainbow trout (Trust and Sparrow 1974; Trust et al. 1979; Sakata et 
al. 1980; Nieto et al. 1984; Austin and AI- Zahrani 1988; Starliper et al. 1992; Gonza!ez et 
a/ 1999; Spanggaard et al. 2000; Huber et al. 2004). Of these reports, the intestinal 
microflora of farmed (Nieto et al. 1984; Austin and AI- Zahrani 1988; Starliper et al. 1992; 
Gonzalez et al. 1999; Spanggaard et al. 2000; Huber et al. 2004), laboratory-reared (Trust 
et al. 1979; Sakata et al. 1980) and free-living (Trust and Sparrow 1974) rainbow trout has 
been investigated. 
In addition to the preliminary studies investigating the intestinal microflora of 
laboratory-raised fish, some initial investigations were also made to attempt to define the 
microflora of farmed and wild fish. It was important to recognise that the intestinal 
microflora of 'healthy' farmed and wild fish may be very different to laboratory-reared 
fish, having a more natural micro flora, rather than consisting of only those bacteria present 
in a defined environment. Therefore, the methods described in this chapter were employed 
to identify bacterial populations in the intestine of farmed and wild fish. For instance, wild 
(free-living) fish may suffer less chronic stress than fish held in tanks, therefore their 
microflora could show a bacterial composition different from those maintained under 
commercial aquaculture conditions. An indication of this is given by (Blain Kennedy et al. 
1998), who found that fish from an open (flow-through) system had a more diverse 
microtlora and a greater survival rate than those from a closed (recirculating) system. In 
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addition, fewer potentially pathogenic bacteria were found in fish from the open system. 
An investigation by Trust and Sparrow (1974) of free-living rainbow trout revealed 
dominating populations of intestinal bacteria (species of Aeromonas, Enterobacter and 
Acinetobacter), which have since been isolated from the intestines of farmed rainbow trout. 
However, as environmental conditions, such as water temperature (Usel and Peringer 
1981; Hagi et al. 2004), have been shown to affect the intestinal microflora of fish, it was 
important to select fish from a controlled, and therefore more standardised, stock 
(laboratory reared fish), for the initial development of techniques. 
Following the determination of a set of standard conditions for isolation and growth 
and the validation of identification methods as described in chapters 2 and 3, the aim of 
this phase of the project was to establish the intestinal micro flora of laboratory raised, wild 
and farmed rainbow trout (Oncohrynchus mykiss) using both conventional microbiological, 
and molecular biological techniques. As there are no native populations of rainbow trout 
and no restocking programme, rainbow trout that had escaped the boundaries of the fish 
farm were caught (next to the farm inlet channel) and defined as 'feral' rainbow trout. 
These fish would not be fed a commercial pellet feed but would have a more natural diet. 
5.2 GENERAL MATERIALS AND METHODS 
Materials and methods were the same as described in chapter 2 and 3, unless 
otherwise described, with the exception that the laboratory stockfish were now larger. 
5.2.2. Sampling and Processing 
Rainbow trout were obtained either from a tank of stockfish in the experimental 
unit at CEFAS, Weymouth (fish groups 1-5), over a period of time, an inlet channel at 
TVT lichen Abbas, or from concrete ponds at the same fish farm, as defined in Table 22. 
Fish were killed by a blow to the head, followed by destruction of the brain, and were 
sampled and processed in pairs, as described in chapter 2. 
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Table 22: Rainbow trout used for investigations of the intestinal microflora 
Group No. of Mean Source Study (Chapter) Time 
fish weight from first 
(g) sampling 
(months) 
1 10 300-500 Stockfish (stock no. Investigation of gut 0 
303, tank 01102) microflora (chapter 5) 
2 2 650 Stockfish (stock no. Extraction of DNA 7 
303, tank 01102) {chapter 4, section 
4.3.2.3) 
3 15 200-500 Stockfish (stock no. Pre-dose titratioq 16 
303, tank 01/02) (chapter 7, section 
7.2.2.3) 
4 . 15 200-500 Stockfish (stock no. Dose titration (chapter 18 
303, tank 01102) 7, section 7.3.3.3) 
5 10 650-1400 Stockfish (stock no. tRFLP analysis 26 
303, tank 01/02) (chapter 5, section 
5.4.2.3) 
6 2 325 Inlet channel, TVT Investigation of gut NIA 
ltchen Abbas (feral) microflora (chapter 5) 
7 2 250 Concrete pond TVT Investigation of gut NIA 
Itchen Abbas microflora (chapter 5) 
(farmed) 
NI A = Not Applicable 
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5.3 INVESTIGATION OF THE INTESTINAL MICROFLORA USING 
CONVENTIONAL TECHNIQUES 
5.3.1 Introduction 
Following the establishment of a set of standard conditions for isolation and growth 
and the validation of identification methods, as described in chapter 2, the aim of this 
phase of the project was to establish the intestinal microflora of rainbow trout 
(Oncohrynchus mykiss) using conventional microbiological (culture) techniques. 
5.3.2 Materials and methods 
5.3.2.1 Bacteriological analysis 
For bacteriological studies, serial dilutions were prepared by adding 0.5ml of gut 
homogenate to 4.5ml peptone-saline up to a ten thousand fold dilution. For fish group I 
and feral fish samples, 0.1 ml of each dilution was spread onto duplicate plates of TSA, 
BHIA, AERO, PSEU, RIV AOA and MAC, all incubated aerobically at l5°C. MRS was 
incubated in a C02 enriched atmosphere at 15°C and RCA incubated anaerobically at 15°C, 
both in anaerobic chambers using C02 or anaerobic gas packs (Oxoid, Basingstoke, U.K.). 
For fish groups 2, 3, 4 and 5, O.lml of each dilution was spread onto duplicate plates of 
TSA only, as this was found to be sufficient to isolate the fish intestinal microflora, and 
incubated aerobically at l5°C. 
All isolation plates were read after 7 and 14 days incubation apart from MRS, 
which was read after 28 days. Dominant bacteria, i.e. those bacteria of similar morphology 
present in the highest numbers, were subcultured onto TSA, from which subsequent 
identification tests were performed, and the isolates stored on Microbank® beads (Prolab, 
U.K.) at -80°C, according to the manufacturer's instructions. Bacteria isolated from RCA 
plates were inoculated onto TSA and incubated aerobically at l5°C to determine whether 
they were strict anaerobes. 
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5.3.2.2 Plate counts 
Plate counts were performed and colony forming units (cfu)/ml were determined 
for total bacteria. Morphologically dominant bacteria were recorded. 
5.3.2.3 Identification of bacteria 
A number of primary tests were carried out to group the isolates prior to secondary 
biochemical testing (BiOLOG and APD. API tests were carried out according to the 
manufacturer's instructions and incubated at an appropriate temperature (that which the 
organism was originally isolated). Confirmatory molecular testing (16s rRNA sequence 
analysis) was carried out on a representative selection of isolates (section 5.4.2.1 ). 
5.3.3 Results 
5.3.3.1 Plate counts 
Plate counts were performed in some cases and were found to lie between 2 x I 02 
and 4 x 105 cfu/g intestinal tissue in fish group 1 but as surface area was examined rather 
than volume these were not considered further. 
5.3.3.2 Identification of bacteria 
Bacterial isolates obtained from the microflora investigations using conventional 
microbiological techniques were identified using the BiOLOG system. A summary of the 
dominant bacteria isolated from rainbow trout using conventional microbiological 
techniques is presented in Table 23. Bacteria are listed in descending order of dominance. 
The most dominant bacteria from fish group I were identified as Aeromonas 
species and Carnobacterium piscicola. Aeromonas species were isolated in each of the ten 
fish and Carnobacterium piscicola in 70% of the fish. However, the three fish fro~ which 
Carnobacterium piscicola was not isolated had, in general, limited bacterial flora. 
Shewanella putrifaciens, Plesiomonas shigelloides and Pasteurella sp. were also isolated 
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in high numbers from individual fish. A number of different species of Aeromonas were 
identified using the BiOLOG system: A. jandiae, A. hydrophila-like, A. encheleia, A. 
veronii and A. allosaccharophila. However, despite a probability of 84% for the correct 
identification of A. allosaccharophila using BiOLOG, when identified using the API NE 
system the isolate was grouped as A. hydrophila/caviae (99.9%). 
Dominant bacteria from fish group 2 were identified as Aeromonas species and 
Carnobacterium piscicola using the BiOLOG system. A single fish had high numbers of 
Enterobacter amnigenus (previously isolated from fish group 1, but not in significant 
numbers) and Pasteurella multocida ss multocida. Aeromonads were identified as 
Aeromonas jandiae and Aeromonas media-like using the BiOLOG system. Dominant 
bacteria from fish group 3 were again identified as Aeromonas sp. (Aeromonas jandiae) 
and Carnobacterium piscicola using the BiOLOG system. Dominant bacteria from fish 
group 4 were identified as Aeromonas sp. (Aeromonas media, Aeromonas hydrophila-like), 
Carnobacterium piscicola and Pasteurella multocida ss multocida using the BiOLOG 
system. 
Bacteria isolated from fish group 5 were analysed using the BiOLOG system but no 
workable data was obtained (false positive results, shown by a positive reaction in the first 
well of the microplate, rendered other results invalid). Bacterial identifications were not 
repeated, although bacteria were stored at -80°C for future reference. Fish from this group 
were analysed using tRFLP analysis as discussed in chapter 5, section 5.4.2.3. 
There was much diversity in the bacteria isolated from the feral rainbow trout and it 
was difficult to identify any particularly dominant species. Nevertheless, there appeared to 
be higher numbers of Serratia fonticola present in both fish. The two farmed fish that 
were investigated appeared to be bacteriologically sterile. 
All bacteria isolated from RCA plates (all fish groups) that were inoculated onto 
TSA, and incubated aerobically at 15°C, grew. 
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Table 23: Dominant bacteria isolated from rainbow trout using conventional 
microbiological techniques 
Source of rainbow trout Isolates 
Laboratory-raised rainbow trout (Group I) Aeromonas sp., Carnobacterium 
piscicola, Plesiomonas shigelloides, 
Shewanella putrifaciens, Pasteurella sp. 
Laboratory-raised rainbow trout (Group 2) Aeromonas sp., Carnobacterium 
piscicola, Enterobacter amnigenus (Fish 
#2 only), Pasteurella multocida ss 
multocida (Fish #2 only) 
Laboratory-raised rainbow trout (Group 3) Aeromonas sp., Carnobacterium piscicola 
Laboratory-raised rainbow trout (Group 4) Aeromonas sp., Camobacterium 
piscicola, Pasteurella multocida ss 
multocida 
Laboratory-raised rainbow trout (Group 5) Not identified 
Feral rainbow trout Serratiafonticola 
Farmed rainbow trout None isolated 
Bacteria listed in descending order of dominance 
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5.3.4 Conclusion to Section 5.3 
Bacterial isolates obtained from the microflora investigations using conventional 
microbiological techniques were identified using the BiOLOG system. It was noted that 
the dominant bacteria isolated from fish groups 1-4 were consistently Aeromonas sp. and 
Carnobacterium piscicola. Morphologically similar bacteria (no confirmatory testing was 
carried out) were also isolated in the most frequent numbers from fish examined in chapter 
3. Shewane/la putrifaciens, Plesiomonas shigelloides, Pasteurella sp. Enterobacter 
amnigenus and Pasteurella multocida ss multocida were also isolated from fish in these 
groups. 
A number of different species of Aeromonas were identified using the BiOLOG 
system: A. jandiae, A. hydrophila-like, A. encheleia, A. veronii and A. allosaccharophila. 
However, despite a probability of 84% for the correct identification of A. 
al/osaccharophila using BiOLOG, when identified using the API NE system the isolate 
was grouped as A. hydrophila/caviae (99.9%). This illustrates how notoriously difficult 
Aeromonads are to characterise (Austin and Austin 1993). As information gained using 
molecular methods would add weight to identifications made using biochemical methods 
16SrRNA sequence analysis was also carried out (section 5.4.2.1). 
Plate counts were performed in some cases and total viable counts were calculated 
to lie between 2 x 102 and 4 x 105 cfulg intestinal tissue in fish group 1. However, these 
calculations are based on total tissue weight, and, as epithelial cells other than those of the 
surface may be expected to be bacteriologically sterile, they were not considered further. 
Bacteria isolated from fish group 5 were analysed using the BiOLOG system but no 
workable data was obtained (false positive results, shown by a positive reaction in the first 
well of the microplate, rendered other results invalid). Bacterial identifications were not 
repeated, although bacteria were stored at -80°C for future reference. Fish from this group 
were analysed using tRFLP analysis as discussed in chapter 5, section 5.4.2.3. 
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Fish groups 1 to 5 were sampled at different times over a period of two years. 
Stockfish from the same tank were used and this showed that the intestinal microflora in 
terms of the range of organisms isolated was stable when fish are kept under uniform 
conditions over a long period of time. The use of different fish or those kept in changing 
environmental conditions (such as farmed or wild fish) may have given very different 
results. In this study, day-to-day variation was not studied. However, day-to-day 
fluctuations in the predominance of different organisms present in the faecal microflora of 
carp and goldfish has previously been reported (Sugita et al. l987a; Sugita et al. 1990). 
These fish had been obtained from a commercial supplier and reared for more than one 
month in laboratory aquaria. Ringo et al. (1995) also suggests that a representative profile 
of the intestinal microflora can only be obtained if day-to-day investigations are carried 
out. 
No strict anaerobes were isolated, possibly due the fact that complete anaerobic 
conditions were not achieved and trace oxygen can be toxic to some anaerobic bacteria. 
Anaerobic conditions are extremely difficult to achieve and maintain and to enable the 
growth of strict anaerobes all processing of samples and incubation of plates should be 
carried out in an anaerobic chamber. However, cost and time constraints meant that 
molecular biology techniques were the primary means of identification of anaerobic 
species. Although it would seem unlikely that the gut can ever be totally anaerobic due to 
the ingestion of oxygen with food, obligate anaerobes (Bacteroides) have been isolated in 
rainbow trout (Sakata et al. 1980; Sakata et al. 1981 ). 
To obtain the nearest thing to wild rainbow trout, available in the U.K., two feral 
rainbow trout were obtained from an inlet channel at TVT ltchen Abbas. These were 
sampled and processed in the same way as the laboratory-raised fish. As expected, in 
comparison with the laboratory acclimated fish, there was much diversity in the bacteria 
isolated and it was difficult to identify any particularly dominant species. Nevertheless, 
there appeared to be higher numbers of Serratia fonticola present in both fish. Serratia sp 
179 
have previously been found in the intestinal tracts of free-living rainbow trout (Trust and 
Sparrow 1974). Overall, there were approximately 5 times more colony types present in 
the feral fish than in laboratory-raised fish. Isolates from this study were considered to be 
important, as they were likely to represent populations present in farmed fish more closely, 
and were therefore selected for in vitro studies (chapter 6). 
In contrast to the feral rainbow trout, the intestinal micro flora of two rainbow trout 
samples collected from farm ponds was extremely different. It had been intended that 
comparison could be made between the wild and farmed fish. However, the two farmed 
fish that could be used appeared to be bacteriologically sterile so no comparison could be 
made. Although the farmed fish had previously been treated with oxytetracycline (J. 
Mewett Pers. Comm), this should not be the reason for the lack of bacteria in the gut 
(resistant bacteria should have been present) and this cannot be explained. In addition, 
residues from previous antimicrobial use are not believed to be the cause as fish were of 
marketable size and had therefore been cleared of antibiotic residues to below the 
maximum residue limit (MRL) requirement, for an appropriate number of degree-days 
In order to determine whether any additional bacteria are present in dominating 
numbers in the intestine, not isolated with the current range of media/conditions, the work 
was complemented with the use of molecular techniques. 16s rRNA gene sequences were 
also obtained, where necessary, in order to confirm bacterial identifications carried out 
using the BiOLOG system. 
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5.4 INVESTIGATION OF THE INTESTINAL MICROFLORA USING 
MOLECULAR TECHNIQUES 
5.4.1 Introduction. 
Following the development and validation of molecular methods, as described in 
chapter 3, the aim of this phase of the project was to establish the intestinal micro flora of 
rainbow trout using molecular biological techniques. 
5.4.2 Materials and methods 
5.4.2.116s rRNA seque11ce a11alysis (colo11y ide11tijicatio11) 
Bacteria]·colonies were picked directly from TSA plates into the amplification mix 
and PCR was performed, as previously described. 16s rRNA gene sequences were 
determined and compared to those deposited in GenBank and EMBL. 
5.4.2.2 Preparation of PCR products 
Frozen pellets for all fish groups were defrosted at room temperature and total 
bacterial DNA was extracted from the samples using the Proteinase K and 
PhenoVChlorofonn/lsoamyl alcohol extraction method. 16S rRNA gene amplification 
products were obtained using the optimised PCR conditions with fluorescent-labelled 
primers, 63FFAM and 1387 RHEX (tRFLP analysis) or 63F and 1387R {RFLP analysis). 
The amplified products were run on a 1% agarose gel containing ethidium bromide, 
visualised under UV light, excised and purified using the Geneclean® (Bio 101 inc.) kit. 
5.4.2.3 tRFLP a11a/ysis 
Following amplification using fluorescent labelled primers, and purification, ten 
fish (fish group 5, Table 23) were analysed using a modified version of the tRFLP method 
described by Os born et al. (2000), to determine the feasibility of using a single sample for 
RFLP analysis. Samples were digested using Alui and Hhai and run using the 
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GeneScan TM program on the ABI 31 0 genetic analyser. The resulting profiles were 
compared by eye. 
5.4.2.4 RFLP a11alysis 
16S rRNA gene amplification products were obtained, using unlabelled primers 
(63F and 1387R), for DNA extracted from the bacteria present in the intestine of two fish 
used for a previous study (fish group 4, samples obtained during in vivo studies, chapter 7, 
section 7.3.3.3). One fish had been fed a diet supplemented with inulin at lOmg/Kg pellet 
feed and one fish had been fed a control diet. RFLP analysis was performed using a 
modified version of the method described by Vergin et al. (200 I). Purified PCR products 
were ligated into the pGEM®-T cloning vector (Promega, U.K.) and transformed into 
competent E. coli cells (Promega, U.K.) using the heat-shock method. 
A total of 200 clones (per sample) were subcultured to fresh LB plates 
supplemented with ampicillin and grown at 37°C overnight. From these stock plates each 
clone was cultured in approximately lOml LB broth supplemented with ampicillin (37°C 
overnight shaking culture). Plasmid DNA was isolated from the E.coli cells using an 
alkaline lysis step and then digested with Haeiii as an initial screen. Haeiii restriction 
digests were run on a 2% agarose gel ( 120V, 25min, 1 OObp ladder), grouped and a further 
gel run with grouped samples in adjacent lanes (120V, 60mins). Plasmid DNA samples 
were then digested with Mbol and Hhal, and regrouped as necessary. Two representatives 
from each group and fish gut sample were sequenced and identified from sequences 
deposited in Genbank, EMBL and in-house databases, as previously described. 
5.4.3 Results 
5.4.3.1 16S rRNA seque11ce a11alysis 
Bacteria identified using conventional methods (BiOLOG) were confirmed using 
16S rRNA sequence analysis (colony identification) (Table 24). 
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Table 24: Bacteria identified using sequence analysis (colony identification) 
Isolate Identification using Identification using Bases Identity 
BiOLOG sequence analysis (%) 
12/4 Carnobacterium piscicola Carnobacterium piscicola 480 99 
12/6 Aeromonas veronii Aeromonas veronii 469 94 
8/4 Serratia fonticola Serratia fonticola 474 99 
9/44 Serratia fonticola Serratia fonticola 467 99 
Gp4C Aeromonas sp. Aeromonas sobria 527 100 
Gp4D Aeromonas sp. Aeromonas sobria 532 100 
111' Aeromonas sp. NR 
2/1 Pasteurella sp. NR 
6/2 Plesiomonas shigelloides NR 
7/10 Shewanella putrifaciens NR 
NR =No result 
5.4.2.2 Preparati011 of PCR products 
Although PCR products were not generated m every case, a number of PCR 
products of the expected size (1324bp) from fish groups 2, 3, 4 and 5 were of sufficient 
intensity for further processing. Figures 39 and 40 illustrate workable PCR products from 
fish group 5 (fish 1, 2, 3, 4, 7 and fish 7 intestinal content). PCR products for fish group 1, 
feral and farmed rainbow trout were not strong enough for further processing (data not 
shown) and diluting the template prior to amplification did not improve product intensity. 
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Figure 39: PCR products (1324bp) amplified using DNA templates extracted from fish 
intestinal bacteria 
Fish 1-5 extracted using proteinase K, lanes 2-6, respectively; mastermix with water 
template (negative control), lane 7; Yersinia ruckeri (positive control), lane 8; 1 OObp 
ladder, lanes 1 and 9. 
Products were resolved on a 1% agarose gel containing 0.625mg/m1 ethidium bromide, nm 
at 120V for 20min. 
Figure 40: PCR products (1324bp) amplified using DNA templates extracted from fish 
intestinal bacteria 
Fish 6-10 extracted using proteinase K, lanes 2-6, respectively; Fish 7 intestinal content, 
lane 7; mastermix with water template (negative control), lane 8; Yersinia ruckeri (positive 
control), lane 9; 1 OObp ladder, lanes 1 and 10. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 20min. 
184 
5.4.3.3 tRFLP a11alysis 
PCR products of the expected size ( l324bp) from fish 1, 2, 3, 4, 7 and fish 7 
intestinal content were strong enough for tRFLP analysis. Figures 41-44 illustrate the 
Genescan™ profiles obtained. In fish 1, 2, 3, 4 and 7, when digested with Hhal, there 
were two major peaks of~ 180 and 300bp for each fish. An extra peak was observed in 
fish 2, 3, and 7 of~ 175bp. The peak at~ 175bp also appeared to be present in fish 1 upon 
careful examination. A minor peak at ~270bp was also present in these fish. Small peaks 
at ~ 180 and 300bp were seen in fish 8 showing peak size to be proportional to the strength 
of the PCR product. Fish intestinal content (fish 7) was also tested, and, in addition to the 
peaks observed when DNA from intestinal tissue fish was used, another major peak was 
observed of~ 125bp. 
The profiles when using Alul were more complex. Fish 1, 2, 3, 4 and 7 had similar 
profiles with four major peaks, two of~ 115 in fish 2, 3, 4 and 7 (single peak in fish 1), 
along with peaks of 130 and 205bp. An additional peak of 70bp was observed in fish 1 
and a peak of 180bp was observed in fish l, 2, 3 and 4 (peak in fish 4 very small). Again, 
peak size appeared to be proportional to the strength of the PCR product. Fish intestinal 
content (fish 7) yielded similar peaks to those obtained from fish intestinal tissue, with the 
exceptions that no 180bp peak was present, but some additional peaks were observed of 
~25, 140, 250 and 335bp. 
A number of minor peaks were present along the baseline and peak proportions 
were not consistent between fish for both Alul and Hhal. 
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Fish 1 
Fish 2 
Fish 3 
Fish 4 
Fish 5 
Figure 41: Genescan ™ profiles for DNA extracted from fish intestine (Fl-F5) using 
Proteinase K, amplified using 63FF AM, 1387RHEX, digested using Hhal. 
Red peaks= Rox500 standard (right to left 500, 490,450,400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100,75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal16S- specific amplicons. 
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Fish 6 
Fish 7 
Fish 8 
Fish 9 
Fish 10 
Fish 7 intestinal content 
Figure 42: Genescan TM profiles for DNA extracted from fish intestine (F6-Fl 0) using 
Proteinase K, amplified using 63FFAM, 1387RHEX, digested using Hhai. 
Red peaks= Rox500 standard (right to left 500,490,450,400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100,75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific arnplicons. 
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Figure 43 : Genescan ™ profiles for DNA extracted from fish intestine (Fl-F5) using 
Proteinase K, amplified using 63FF AM, 1387RHEX, digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific arnplicons. 
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Fish 6 
Fish 7 
Fish 8 
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Fish 10 
Fish 7 content 
Figure 44: Genescan ™ profiles for DNA extracted from fish intestine (F7-F10) using 
Proteinase K, amplified using 63FFAM, 1387RHEX, digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific arnplicons. 
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5.4.3.4 RFLP analysis 
Three enzymes were chosen (Haeiii, Mho I and Hhal) to digest a total of 200 clones 
each from DNA extracted from bacteria present in the intestine of two fish, one fed an 
inulin-supplemented diet and one fed a control diet. An initial screen using Haeiii was 
carried out and restriction digests run on a· 2% agarose gel (120V, for 25 minutes). 
Samples with similar restriction profiles were grouped together. In samples from fish fed a 
control diet four restriction patterns were observed most frequently and tentatively 
described as groups I, II, m and IV. An example RFLP from each group in this initial 
screen is shown in Figure 45. In samples from fish fed an inulin-supplemented diet four 
restriction patterns were observed most frequently and tentatively described as groups V, 
VI, VII and VIII. An example RFLP from each group in this initial screen is shown in 
Figure 46. 
A second series of gels were run with the grouped samples in adjacent lanes to 
confirm groupings. Gels were run at 120V for 60 minutes to further separate bands, which 
helped to distinguish between groups. All digests within individual groups appeared to 
have the same profiles. Group I profiles appeared as two single bands at ~575 and 675bp, 
two doublet bands at ~450 and 275 and a single band at ~350bp. Group II profiles 
appeared as two single bands at ~575 and 675bp and two doublet bands at ~450 and 275bp. 
Group m profiles appeared as two single bands at ~600 and 675bp, two doublet bands at 
~450 and 275 and a single band at ~350bp. Group IV profiles appeared as a single band at 
~675bp, three doublet bands at ~450, 275 and 200bp and a single band at ~325bp. Group 
V profiles appeared as a single band at -675bp, three doublet bands at -450, 275 and 
200bp and a single band at -325bp. Group VI profiles appeared as two single bands at 
-600 and 675bp, two doublet bands at -450 and 275 and a single band at -350bp. Group 
VII profiles appeared as a single band at -675bp and three doublet bands at -450, 275 and 
200bp. Group Vlll profiles appeared as two single bands at -575 and 675bp and two 
doublet bands at -450 and 275bp. Groups I and 11 dominated in samples from fish fed a 
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control diet and group V dominated in samples from fish fed an inulin- supplemented diet. 
All groups appeared to be present in samples from fish fed both control or modified diets. 
All samples from each group (group I-VIII) were then digested with Mboi, as 
different species of bacteria may have identical Haem restriction sites. Restriction 
patterns were unclear and showed minimal digestion, an example of which is shown in 
Figure 47. All samples were then digested with Hhai and regrouped as necessary. 
Following the Hhal screen, samples four major groups ( 1-4) were identified (Figures 48). 
Samples from group I produced a single profile (group 1). Samples from groups Il and 
VIII produced a single profile (group 2). Samples from group V and IV produced two 
profiles (group 3 and 4). Group 1 profiles appeared as a single band at ~850 and 550bp, a 
triplet band at -425bp and single bands at -350 and 275bp. Group 2 profiles appeared as 
single bands at -850, 525, 450, 400, 350 and 275bp. Group 3 profiles appeared as single 
bands at~ 775, 550, 450, 400, 350 and 275bp. Group 4 profiles appeared as single bands at 
- 800, 550, 450 and 400bp, a doublet band at ~350bp and a single band at - 275bp. All 
groups appeared to be present in samples from fish fed both control or modified diets. 
Groups I to Vm (Haem) were compared to groups 1 to 4 (Hhal) and four further 
groups were formed (A-D). Group A was a combination of group I (control diet) and 
group 1. Group B was a combination of group Il (control diet) or group Vm (inulin-
supplemented diet) and group 2. Group C was a combination of group ·v (inulin-
supplemented diet) or group IV (control diet) and group 3. Group D was a combination of 
group V (inulin-supplemented diet) or group IV (control diet) and group 4. 
Representatives from groups Ill, VI and VII were not included in these new groupings as 
they occurred with the least frequency and only dominant groups were investigated in this 
first instance. 
Sequence analysis was carried out on two representatives from each group. In 
addition, sequences were aligned and shown to be identical for each bacterium. Table 25 
lists the bacteria identified by RFLP and sequence analysis. 
191 
Figure 45: Example of the RFLP profiles of36 clones digested with Haem (initial screen), 
from DNA extracted from bacteria present in the intestine of a fish fed a control diet. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 25min, against 1 OObp ladders. 
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Figure 46: Example of the RFLP profiles of 36 clones digested with Haem (initial screen), 
from DNA extracted from bacteria present in the intestine of a fish fed an inulin-
supplemented diet. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 25min, against 1 OObp ladders. 
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Figure 47: Example ofthe RFLP profiles of 18 clones digested with Mbol, from DNA 
extracted from bacteria present in the intestine of a fish fed a control diet. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 60min, against I OObp ladders. 
Figure 48: Example of the RFLP profiles of 18 clones digested with Hha, from DNA 
extracted from bacteria present in the intestine of a fish fed a control diet. 
Products were resolved on a 2% agarose gel containing 0.625mg/ml ethidiwn bromide, run 
at 120V for 60min, against 1 OObp ladders. 
193 
Table 25: Bacteria identified using RFLP and sequence analysis 
Group Diet Bases Identification Identity 
(%) 
A Control* 596 Clostridium gasigenes 99 
A Control* 519 Clostridium gasigenes 99 
A I Omg/Kg, inulin 516 Clostridium gasigenes 99 
A l Omg /Kg, inulin 538 Clostridium gasigenes 98 
B Control* 524 Clostridium gasigenes 99 
B Control* 536 Clostridium gasigenes 98 
B l Omg /Kg, inulin 571 Clostridium gasigenes 98 
B lOmg /Kg, inulin 517 Clostridium gasigenes 99 
c Control 526 Aeromonas sobria 100 
c Control 527 Aeromonas sobria 100 
c lOmg /Kg, inulin* 506 Aeromonas sobria 99 
c 10mg /Kg, inulin* 501 Aeromonas sobria 100 
D Control 532 Aeromonas sobria 100 
D Control 513 Aeromonas sobria 100 
D 10mg /Kg, inulin* 556 Aeromonas sobria 99 
D I Omg /Kg inulin* 499 Aeromonas sobria 99 
* Dommatmg populatiOn w1thm these groups 
5.4.4 Conclusion to Section 5.4 
Molecular methods (16S rRNA sequence analysis) were first employed to confirm 
the identity of dominant bacteria previously identified using conventional methods 
(BiOLOG). This method was also used to identify an Aeromonad to species level. 
Unfortunately, a batch of samples could not be identified using sequence analysis as the 
sequence data was of a poor quality. Poor quality data is often due to salt residues in 
samples and careful repeats would likely have resulted in an improvement in data. At this 
stage, however, samples were not repeated due to time restrictions. 
To establish the range of bacteria present in the intestine usmg molecular 
techniques a number of clones were sequenced in the first instance. Various bacterial 
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species, e.g. Stenotrophomonas maltophilia, Eubacterium, Pseudomonas picketti, 
Ralstonia eutrophia and ~-Proteobacterium, were found to be present which had not been 
isolated using standard bacteriological methods. Most species were isolated using both 
extraction methods but it proved difficult to determine whether these were dominant 
species or even if they were laboratory contaminants as relatively few clones were 
sequenced in total. A greater number of clones would have to be sequenced on any given 
plate to improve confidence - but the time required and cost of this makes thi~:~ 
impracticable. To overcome this problem a genetic fingerprinting method, Restriction 
Fragment Length Polymorphism (RFLP) analysis was used. 
Samples from fish group 1 were processed as described. Bacterial DNA was 
extracted using the Proteinase K method and the resulting templates were amplified using 
the optimised PCR conditions and the labelled primers 63FFam and 1387RHex. Most of 
the PCR products generated were relatively weak and were unlikely to be of sufficient 
quality for GeneS can ™analysis. To rule out degradation of the DNA during storage at -
20°C another ten fish (fish group 5) were sampled and processed, as previously described. 
A number of strong PCR products were generated for further analysis. These were 
cleaned, digested using Alul and Hhal and run using the GeneScan ™program. Profiles 
were compared and as all ten fish samples produced similar GeneScan ™ profiles 
subsequent RFLP analysis was performed on a single fish. Despite optimisation of the 
assay the number of peaks observed using the GeneScan TM approach remained lower than 
expected, given the range of bacterial species identified in the sample using traditional 
culture methods, and suggests that the resolution of the tRFLP is insufficient to determine 
the total number of different species in a mixed population at this stage. A higher number 
of peaks were observed in samples of intestinal content (fish 7), which likely reflects the 
additional transient (allochthonous) bacterial species/genera ingested with diet. The 
determination of the intestinal microflora, using both molecular and bacteriological 
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methods, for this study was carried out on samples obtained during in vivo studies, which 
showed a greater number of peaks on GeneScan ™ profiles (chapter 7, section 7.3.3.3). 
A large number of clones were screened by restriction analysis (RFLP) and then a 
representative from each of the different profile groups observed was sequenced rather 
than sequencing clones in a random manner. This approach is well documented (for 
example, Vergin et al. 2001; Jensen et al. 2002) and a number of bacteria were identified 
that were not recovered using conventional microbiological techniques. The molecular 
approach of RFLP analysis demonstrated the presence of an anaerobic bacterium, 
Clostridium gasigenes, that was unculturable using the range of media and incubation 
conditions described, and Aeromonas sobria, notoriously difficult to identify to species 
level using biochemical tests alone. This was probably the Aeromonad isolated but not 
identified to species level using conventional methods. 16S rRNA sequence analysis 
would confirm this. Clostridium sp. has previously been isolated from the intestines of 
rainbow trout (Trust et al. 1979) river fish (Sugita et al. 1983) and Japanese coastal fish 
(Sugita et al. 1988) using anaerobic culture methods. The two dominating restriction 
patterns from each fish gut sample were found to represent the same organism, most likely 
resulting from the orientation of the 16S rRNA insert. It was noted that the bacteria 
detected were different to those originally identified using cloning and sequencing. As a 
much greater number of clones were analysed for RFLP analysis these results are likely to 
be more significant. 
At the time samples were collected (day 10), the dominating bacteria in samples 
from fish fed a control diet were Clostridium gasigenes, although Aeromonas sobria was 
present in lower numbers. In samples from fish fed an inulin-supplemented diet, 
Aeromonas sobria dominated at day 1 0, although Clostridium gasigenes was present in 
lower numbers. RFLP results correlate well with data obtained from tRFLP studies 
(chapter 7, section 7.3.3.3). At day 10, in samples from fish fed a control diet, two peaks 
were observed in profiles from Alul digests, at -70 and 200bp and at -190 and 290bp from 
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Hhal digests. This suggests the presence of a single microorganism, which RFLP and 
sequence analysis established as Clostridium gasigenes. In comparison, in samples from 
fish fed an inulin-supplemented diet, two dominating peaks were observed in profiles from 
Alul digests, at-25 and 140bp, along with two smaller peaks at -70 and 200bp, and two 
dominating peaks of -115 and 540bp from Hhal digests, along with two smaller peaks 
at-190 and 290bp. In comparison to data obtained from RFLP and sequence analysis, it 
would appear that the dominant peaks represent Aeromonas sobria and the smaller peaks 
represent Clostridium gasigenes. Overall, these results suggest that either the Aeromonas 
sobria was being stimulated by the inulin supplement, or that the Clostridium gasigenes 
was being suppressed and allowing the Aeromonad to take over. Further analysis of 
tRFLP profiles (chapter 7, section 7.3.3.3) showed that at day 7, all peaks were 
approximately the same size, in samples from fish fed a modified diet, providing further 
evidence that the inulin was able to modify the intestinal microflora. 
5.5 GENERAL DISCUSSION 
Environmental conditions may influence the bacteria present in the fish intestinal 
tract (Cahill 1990). Many authors have suggested that some of the bacteria present may 
originate from diets or water (Yoshimuzu et al. 1980; Austin and AI-Zahrani 1988; Bergh 
et al. 1994; Ring0 and Birbeck 1999). Bergh et al. (1994) found a shift in the intestinal 
microflora of Atlantic halibut during first feeding which was faster in a group reared in 
water containing cultivated phytoplankton compared to those kept in filtered water. It is 
therefore reasonable to suggest that the micro flora of fish raised in a controlled laboratory 
is unlikely to match that of the natural environment and could be defined as 'artificial'. 
Considerable discussion preceded the final selection of laboratory-raised fish for 
investigation and the reasons for selection were as follows. The tendency for a reduction 
in the numbers and types of organisms in laboratory-raised fish assisted the primary 
development of techniques, novel to the laboratory. For example, the initial optimisation 
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of the tRFLP method (chapter 4) was in practice facilitated by the presence of an overall 
smaller number of peaks, relating to a few dominating groups of bacteria, rather than 
numerous smaller peaks that might be expected to represent the greater number of species 
likely to be found in the natural environment. In the present study, approximately 5 times 
as many colony types were found in the 'wild' fish intestine compared with laboratory-
raised fish. 
The variability in the microflora of fish from a more natural environment would 
further complicate the standardisation of fish during the initial development of techniques. 
Differences in water temperatures have been shown to alter the microflora of fish. Use! 
and Peringer (1981) showed that temperature influenced the bacterial micro flora of 
rainbow trout and Hagi et al. (2004) describe seasonal changes in lactic acid bacteria in the 
intestinal tract of cultured freshwater fish (carp and catfish). It is reasonable to presume 
that types of farms (e.g. concrete raceway and pond farms), and other local circumstances 
such as hard/soft water may also affect the microflora. As a result, the choice of an 
individual farm to obtain fish from alone could only be done in an arbitrary way. It is 
acknowledged that a more in depth study of the fish intestinal microflora should be 
designed to survey fish from a range of sites taking into account potential seasonal changes 
and other environmental differences. Finally, as disease challenge studies were to be 
carried out using laboratory fish, initial development and in vivo studies of the micro flora 
of laboratory-raised fish would be more relevant to the future use of fish raised in a similar 
way and likely therefore to have a similar intestinal microflora. 
A ten fish sample was used to determine the microflora of laboratory-raised fish 
using conventional techniques. Even without consideration of the amount of effort that 
was required to sample and process this number of fish, I 0 fish per time point is regarded 
as standard in veterinary medicine studies and appropriate to determine fish to fish 
variation (NicGabhainn et al. 1996).' Only two feral rainbow trout were used from a single 
site as the capture, sampling and processing of more than two samples on a given day was 
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not practical. Although not originally proposed, two fish from a farm site were also tested 
as it was felt important that an attempt to define the scale of differences in intestinal 
microflora between laboratory raised, 'wild' and farmed fish be assessed, if only in brief. 
The data obtained from 'wild' trout confirmed that as expected, a natural diet and fish from 
a different environment are likely to have varied intestinal microflora. Due to this 
variation and the number of different sites that should be tested in comparison no further 
samples were taken. 
Overall, few different groups of bacteria were isolated from the intestines of 
laboratory raised fish. This was expected due to the controlled, near sterile conditions that 
the fish were kept in. Of particular interest was the potentially pathogenic nature of most 
of the organisms found in the controlled laboratory facilities (Austin and Austin 1993; 
Toranzo et al. 1993; Cruz et al. 1986; Kozii'iska and P~kala 2004). The human intestinal 
tract is known to be a reservoir for many nosocomial pathogens (Donskey 2004) and these 
results suggest the same may be true in fish. Overgrowth of pathogens and transmission of 
disease may then occur following a breach of the autochthonous microflora, as the result of 
a stressor, such as intensive farming practices (Ring0 and Birbeck 1999). 
Of the groups isolated in this study, Aeromonads have frequently been isolated 
from the intestines of rainbow trout (Nieto et al. 1984; Austin and Al-Zahrani 1988; 
Spanggaard et al. 2000; Huber et al. 2004) and other fish species (Horsley 1977; Sugita et 
al. 1995; Sugita et al. 1989; Nedoluha and Westhoff 1997) and often this group of bacteria 
appears to dominate the microbial communities. Starliper and eo-workers (1992) isolated 
Carnobacterium piscicola of low virulence from rainbow trout intestine and suggested that 
disease problems only occur in severely stressed fish. Members of the enterobacteriaceae 
have been associated with the intestinal microflora of rainbow trout (Nieto et al. 
1984;Spanggaard et al. 2000; Huber et al. 2004) and other fish (Ringo et al. l993b; Sugita 
et al. 1983), and Plesiomonas shigelloides has been isolated from aquacultured striped bass 
(Morone saxatilis) (Nedoluha and Westhoff 1997), wild pike (Esox lucius) (Gonzalez et al. 
199 
1999) and tilapia (Sarotheradon niloticus) (Sugita et al. 1987b). Shewanel/a sp. has been 
isolated from the intestine of rainbow trout (Spanggaard et al. 2000; Huber et al. 2004) and 
Pasteurella sp. has been isolated from the intestine of hybrid tilapia (Oreochromis 
niloticus x Oreochromis aureus) (AI-Harbi and Uddin 2004). 
The use of conventional microbiological methods alone would bias the results of 
microflora studies. For this reason they were used in conjunction with molecular methods. 
Molecular-based methods were also used to detect anaerobic bacteria and were used as an 
alternative to conventional anaerobic methods. It was anticipated that anaerobes might 
play a significant role but from an early stage conventional methods were judged 
impractical and molecular methods were used determine these populations. 
It was noted that an organism (Clostridium gasigenes) was detected using 
molecular methods that was not isolated using the conventional culture techniques 
described in this project. Clostridium gasigenes is known to be an obligate anaerobe 
(Broda et al. 2000). This illustrates how important it is to either carefully consider a wide 
range of media and incubation conditions or use alternative methods as used in this project. 
The disadvantage of using molecular methods, which detect DNA, is that there is no 
conclusive evidence to suggest that the organism is viable. Molecular techniques based on 
the detection of mRNA may be a way around this (Sheridan et al. 1998). It was also noted 
that the BiOLOG system could only identity the isolated bacterial group Aeromonas to 
genus level with any confidence, whereas 16SrRNA sequence analysis was able to identity 
the organism to species level, as Aeromonas sobria. However, the molecular method 
failed to detect Carnobacterium piscicola, which appeared to be a dominating group in 
culture studies. Although it was not amongst the four most dominant RFLP groups 
(relating to two bacterial types), without time restraints Carnobacterium piscicola may 
have been identified. 
It was initially proposed that a set of primers, specific to published groups of 
intestinal bacteria, be developed and used to probe intestinal samples from the laboratory-
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raised fish. These would be used in conjunction with universal primers, which screen for 
'new' species. This approach was not progressed, as after considerable consideration it 
was felt that the intestinal bacteria in fish from different environments were likely to be 
highly variable. A more useful application for this technique would be to prepare specific 
primers to bacteria isolated during this project, the growth of which is increased by certain 
prebiotic compounds. A range of fish farms (e.g. concrete raceway and pond f~s) could 
then be screened for these bacteria and the feasibility of producing a commercial product 
for general use assessed. 
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CHAPTER6 
IN VITRO STUDY ON IMPORTANT BACTERIAL ISOLATES TO ASSESS 
ABILITY TO METABOLISE DIFFERENT PREBIOTICS 
6.1 GENERAL INTRODUCTION 
The principal concept of prebiotics is that these are substances that if ingested can 
stimulate growth and/or metabolic activity of beneficial bacteria within the gut and 
suppress potentially deleterious ones, thus hopefully favourably modifying the composition 
of the intestinal micro flora. Only a small number of bacteria have been tested for their 
ability to utilise oligosaccharides and other prebiotics. In humans, it is well known that 
dietary fibre resists hydrolysis by enzymes, but is fermented by the colonic microflora 
(Gibson and Roberfroid 1995). Due to the different abilities ofbacterial species to ferment 
substrates, it may be possible to enhance certain bacterial groups relative to others. For 
example, Monte! et al. (1991) showed that Carnobacterium piscicola ferments both inulin 
and mannitol, whereas Carnobacteriwn divergens ferments neither. Studies with Arctic 
charr indicate that diets supplemented with polyunsaturated fatty acids (PUF A) can 
potentially influence the LAB populations in the intestine and stomach (Ring<~ 1993a; 
Ring<~ et al. 1998) and can result in increased growth stimulation by up to 20% over fish 
maintained on non-supplemented feeds (Ring<~ 1991; Gislason et al. 1996). 
In addition to the potential modification of the nutrient environment of the gut 
many bacteria are known to secrete antimicrobial substances. For example, 
Carnobacterium piscicola has been shown to produce bacteriocins (Pilet et al. 1995; 
Stoffels et al. 1992). There are many reports of bacteria isolated from the fish intestine, 
which have inhibitory effects against fish pathogens (Dopazo et al. 1988; Gildberg et al. 
1995; Jobom et al. 1997; Sugita et al. 1996; Sugita et al. 1997; Sugita et al. 2002). In an 
attempt to select and subsequently test candidate probiotic bacteria exhibiting bacteriocidal 
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activity against fish pathogens, and which might therefore be of benefit to the host, initially 
a series of plate assays was carried out. 
The next phase of the current project involved determining a non-medicated feed 
additive(s) that could selectively stimulate bacteria isolated during the previous 
investigation of the intestinal microflora of rainbow trout and in turn increase the 
resistance of fish to disease. In studies reported in chapters 3, 5 and 6, significant bacterial 
genera, species and strains were isolated and identified, using both conventional 
bacteriological and molecular biological techniques. Their ability to utilise potential 
prebiotic candidates was then determined in vitro. Following a series of preliminary 
developmental tests, the ability of specific bacteria to utilise potential prebiotic candidates 
was carried out by setting up a range of conventional growth curve tests using three non-
digestible prebiotic candidates (lactulose, lactitol and inulin). In addition, growth curve 
studies using these potential prebiotics were also carried out with the bacterial pathogens 
significant to U.K. aquaculture, namely Aeromonas salmonicida, Flavobacterium 
psychrophilum, Renibacterium salmoninarum and Yersinia ruckeri. These final studies 
were necessary in order to prevent the inadvertent selection of a prebiotic that selectively 
stimulated the growth of a common pathogen. 
Inulin, lactulose and lactitol have each been shown to increase specific populations 
of bacteria isolated from the human intestine (Gibson et al. 1995; Ballongue et al. 1997). 
Two of the compounds (lactulose and lactitol) were closely related; falling into the 
category of disaccharides and inulin represented the oligosaccharides. 
Fructooligosaccharides of the 1F (inulin) type have been extensively investigated as 
prebiotic compounds (Kritzinger et al. 2003). It is acknowledged that species of bacteria 
within the fish gut must be expected to be very different but these compounds provided a 
starting point. It was intended that initially the methods be validated using three 
compounds from these common groups enabling further compounds to be tested at a later 
stage or following commercial interest. 
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6.2 PLATE ASSAYS 
6.2.1 Introduction 
The basis of the plate assay was to detennine whether a substance secreted by a test 
organism (such as an antimicrobial) could inhibit the growth of an indicator organism. In 
brief, an indicator organism was applied to the surface of a TSA plate from which 10 wells 
have been bored, and to which an aliquot of test medium from an individual test organism 
is added. If a test organism had secreted an antimicrobial substance into the test media to 
which.the indicator organism is sensitive a circular zone of inhibition is visible. 
6.2.2 Materials and Methods 
6.2.2.1 Indicator and test bacteria 
Four fish pathogens, Yersinia ruckeri, Lactococcus garviae, Aeromonas 
salmonicida and Vibrio anguillarum were chosen as indicator organisms as it could offer 
clear benefits to fish if the growth of any or all of these were to be inhibited. Test 
organisms consisted of 60 strains previously isolated from fish intestines (Table 26), 
including Carnobacterium piscicola and Pseudomonas jluorescens (positive controls). 
Canwbacterium piscicola and Pseudomonas jluorescens were chosen as test bacteria as 
previous studies have shown Pseudomonas jluorescens to have an inhibitory effect against 
Vibrio anguillarum (Gram et al. 1999) and Aeromonas salmonicida (Gram et al. 2001), 
and Carnobacterium piscicola can produce bacteriocins (Stoffels et al. 1992; Pilet et al. 
1995). Aliquots of I Oml of TSB were inoculated with 2 colonies of either the test or 
indicator organisms and incubated at 22°C for 18-24 hours, in a Gallenkamp orbital 
incubator (to achieve a turbidity greater than McFarland 6). 
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Table 26: Candidate probiotic bacteria used for plate assay study 
Lab No. Identification Lab No. Identification 
2/1 (1) Pasteurella sp. 11/6 Aeromonas sp 
1/3 Aeromonas jandaei 9/2 (I)* NI 
7/30 NI 1115 Aeromonas allosaccharophila 
3/1 Aeromonas sp 1/1 Aeromonas sp 
Sc14 NI 11/24 NI 
10/4 NI 12/3 Aeromonas veronii 
8/6 Serratia fonticola 2/6 NI 
5/4 Carnobacterium piscicola 7/11 NI 
Se 2 Carnobacterium piscicola 1117 Aeromonas hydrophila-like 
511 * NI T15* NI 
10/17* NI 10/1 Carnobacterium piscicola 
8/1 NI 611 (2) Carnobacterium piscicola 
3/11 NI 10116 (1) Carnobacterium piscicola 
6/2 Plesiomonas shigelloides 9/2 (2)* NI 
11/13 Aeromonas sp 9/5* NI 
6/1 (1) Carnobacterium piscicola 11110 Plesiomonas shigelloides 
Se 1 Aeromonas sp Sc17 NI 
1/7 Aeromonas encheleia 10.16(2) Carnobacterium piscicola 
7/2 Aeromonas jandiae 8/4 Serratia fonticola 
11/4 NI 2/5 Carnobacterium piscicola 
8/59 Serratia fonticola 711 (1) Carnobacterium piscicola 
T18* NI 11.25 NI 
6/4 Aeromonas sp 11/3 Carnobacterium piscicola 
2/1 (2) NI F1 Stenotrophomonas maltophilia 
9/44 Serratia fonticola 12/4 Carnobacterium piscicola 
10/3 NI HI 14 Carnobacterium piscicola 
1211 Aeromonas sp 711 (2) Carnobacterium piscicola 
12/2 NI HI 12* NI 
12/6 Aeromonas veronii HI 10* NI 
411 Aeromonas sp HI3 Mycobacterium sp (most likely) 
(NI= not identified) 
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6.2.2.2 Preparation of test medium 
Using a lOml sterile disposable syringe and a 0.2J..Lm sterile filter each culture of 
test bacterium was filtered into a fresh sterile disposable universal. The filtered medium 
might be expected to contain any bacteriocins produced by the test organism. A 1 OJ..Ll 
loopful of unfiltered culture was spread over the surface of a TSA plate and incubated for 
48hours at 22°C to test to confirm purity. 
6.2.2.3 Plate assays 
Initially, a suspension of Yersinia ruckeri was adjusted to a level of absorbance 
(0.09 @ 650nm) that experience had shown that, when used as an indicator organism in a 
plate assay and spread over the surface of a TSA plate, would not overgrow weak zones 
and would show inhibition clearly. All cultures of the other indicator organisms were 
adjusted to this absorbance before being swabbed onto a plate. A sterile cotton swab was 
dipped into the indicator culture and any excess removed by twirling the end of the swab 
again&t the side of the universal. This was applied over the entire surface of a TSA plate, 
rotating and reswabbing twice to ensure even coverage. A series of plate assays were then 
prepared as follows. Using a sterile, 4rnm .steel cork borer dipped in 100% ethanol and 
flamed boring a series of holes into the agar (10 wells per plate). Two drops of test 
medium (from a sterile Pasteur pipette) was added to a well (10 tests per plate). A positive 
control of 100% ethanol was used, in addition to Carnobacterium piscicola and 
Pseudomonas jluorescens, and a negative control of TSB. Plates were incubated at 22°C 
and checked daily. Further plates using Yersinia ruckeri, Lactococcus garviae, Aeromonas 
salmonicida as indicator organisms and disrupted whole cells of Carnobacterium piscicola 
and Pseudomonas jluorescens, 100% ethanol and TSB as tests were also set up, incubated 
at 22°C and checked daily. 
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6.2.3 Results 
No zones of inhibition were detected except for the ethanol positive control (3-
4mm). 
6.2.4 Conclusion to Section 6.2 
The first approach to the in vitro testing of prebiotics was a pre-screen of bacteria, 
previously isolated from the intestine and stored at -80°C, to try to identify candidate 
probiotic bacteria, which exhibit bacteriocidal activity against fish pathogens. A prebiotic 
able to stimulate the growth of these specific bacteria could then be investigated. 
No zones of inhibition were detected except for the ethanol positive control 
showing that either none of the pathogens tested are susceptible to any potential 
antimicrobial released or that none were produced under the test conditions. It is possible 
that organisms' only produce bacteriocins when competing with others, for instance in a 
mixed culture environment. Another possibility is that antimicrobial compounds are only 
produced during the stationary phase of bacterial growth (Vine et al. 2004a). 
Alternatively, the antimicrobials may not have been released from the cells and so further 
plates using the 3 test organisms and disrupted whole cells of Carnobacterium piscicola 
and Pseudomonas jluorescens, 100% ethanol and TSB as indicators were set up. Again, 
no zones of inhibition were detected except for the ethanol positive control. 
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6.3 PRELIMINARY GROWTH CURVE STUDIES 
6.3.1 Introduction 
Preliminary studies were carried out to develop a set of methods and select a 
suitable instrument for the measurement of bacterial growth. The BiOLOG turbidimeter 
offered a simple and convenient system. The instrument uses closed culture tubes 
eliminating the need to remove aliquots of each culture to obtain measurements. This 
eliminates any risk of contamination following inoculation of the tube and maintains a 
constant volume of culture. For this study percentage transmittance was measured rather 
than absorbance to make data handling easier. 
6.3.2 Materials and Methods 
6.3.2.1 Pre/imi11ary growth curves 
A preliminary growth curve data was conducted usmg 13.5ml unsupplemented 
TSB and 1.5ml Yersinia ruckeri (2194) suspension (0.2@ 550nm). This was to check that 
there would be a sufficient atmosphere in the tubes to support the growth of an aerobe and 
to assess the feasibility of using the BiOLOG turbidimeter in future studies. 
6.3.2.2 Witlti11-ru11 Precisio11 
The within-run precision of the BiOLOG turbidimeter was assessed. Precision data 
was obtained in two ways: 1") 10 identical samples were set up from a culture of Yersinia 
ruckeri (2194), using unsupplemented TSB. Precision data was obtained with absorbance 
values recorded instead of percentage transmittance and precision data calculated. 2) The 
culture of Yersinia ruckeri was diluted to give three different sample concentrations with 
%Transmission of approximately 12.5, 57 and 83.5% (low, medium and high). Each 
sample was read 20 times and precision data calculated. 
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6.3.2.3 Between-run Precision 
The between-run precision of the BiOLOG turbidimeter was assessed as follows. 
Three BiOLOG standards (GNNENT, GNENT and GP COC/ROD) were read at intervals 
(at least weekly) until 20 readings for each had been collected. Precision data was 
calculated. 
6.3.2.4 24 hour sampling 
In order to establish reasonable sampling points, growth curve data was collected 
over a period of 24 hours, using unsupplemented TSB and for the 21 bacteria listed in 
Table 27. 
6.3.3 Results 
6.3.3.1 Withi11-ru11 Precisio11 
Precision data is presented in Table 28. 
6.3.3.2 Between-day Precisio11 
Precision data is presented in Table 29. 
6.3.3.3 24-lwur sampling 
Twenty four-hour growth curves are shown in Figures 49-55. Data from individual 
isolates was sorted to produce a minimum number of graphs whilst maintaining clarity. 
Growth curves indicated that any stimulation of growth by candidate compounds would be 
detected within a 1 0-12h period. 
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Table 27: Bacteria used for 24-hour growth curve studies 
Lab Number Identification Lab Number Identification 
1/7 Aeromonas encheleia 9/2 (1)* NI 
7/2 Aeromonas jandiae 915* NI 
8/59 Serratia fontico/a Fl Stenotrophomonas 
maltophilia 
9/44 Serratia fonticola 6/2 P/esiomonas shigelloides 
12/6 Aeromonas veronii 2194 Yersinia ruckeri 
811 NI Lactococcus garviae 
111 Aeromonas sp Aeromonas salmonicida 
8/6 Serratia fonticola 9/1 NI 
12/4 Carnobacterium piscicola 9/3 NI 
8/4 Serratia fonticola 8112 NI 
7/10 Shewanella putrifaciens 
(NI= not identified) 
Table 28: Within-run precision data 
High Medium Low 
n 20 20 20 
Mean 83.69 56.85 12.31 
SD 0.21 0.27 0.13 
%CV 0.25 0.47 1.09 
(n=number of samples, SD=standard deviation, CV =coefficient of variation) 
Table 29: Between-day precision data 
GNNENT GPCOCIROD GNENT 
n 20 20 20 
Mean 52.95 19.5 61.73 
SD 0.35 0.00 0.25 
%CV 0.66 0.00 0.40 
(n=number of samples, SD=standard deviation, CV=coefficient of variation) 
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Figure 49: 24-hour growth curve for isolates 1/7, 12/6, 9/3 and 811. 
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Figure 50: 24-hour growth curve for isolates 111, 7/2 and 8112. 
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Figure 51: 24-hour growth curve for isolates 8/59, 9/44, 8/4 and 8/6. 
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Figure 52: 24-hour growth curve for isolates 6/2, Fl , 12/4 and 7/10. 
212 
100 
90 
80 
~ 
\ 
70 
1: 
0 60 
·;n 
rJl 
·e 50 rJl 
1: 
~ 
1- 40 
~ 0 
30 
20 
10 
0 
0 1000 
' \ \ 
'\ 
"" 
2000 
~ 
....._ 
3000 
Time (mins) 
Figure 53: 24-hour growth curve for isolate 9/5. 
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Figure 54: 24-hour growth curve for isolates 9/2 and 9/1. 
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Figure 55: 24-hour growth curve for Lactococcus gm-viae, Aeromonas salmonicida and 
Yersinia ruckeri (2194). 
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6.3.4 Conclusion to Section 6.3 
Using the BiOLOG turbidimeter to measure changes in the turbidity of media 
inoculated with a suspension of bacteria, preliminary growth curves were obtained (data 
not shown). These were to determine the inoculum of bacteria required (l.Sml of 0.2 @ 
550nm suspension, in 13.5ml media gave a good growth curve) and to identify any 
problems at this early stage. To determine the necessity for replicates, a precision study 
was performed using a series of 10 samples, each prepared in the same way, with readings 
taken hourly. Within-run precision was determined at 3 levels using low, medium and 
high absorbance cultures and taking 20 readings of each. Weekly readings of the BIOLOG 
control standards provided between-day precision data. Reproducibility was excellent and 
suggested that future growth curves could be performed without replication. The accuracy 
of the equipment was not determined as all readings were relative to each other and no true 
values were necessary. 
Growth curve data usmg Tryptone Soy Broth (TSB) was then obtained for a 
selection of 17 bacteria including Aeromonas salmonicida, Yersinia ruckeri, Lactococcus 
gm-viae, Plesiomonas shigelloides (known fish pathogens), and the spoilage organism and 
reported fish pathogen Shewanella putrefaciens, over a period of24 hours to determine the 
shape of each curve so that suitable time points for determining an effect could be 
established. Growth curves indicated that any stimulation of growth by candidate 
compounds would be detected within a 1 0-12h period. Therefore, the next stage of the 
study was to test these compounds (lactulose, lactitol and inulin) against the selected 
bacteria. 
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6.4 GROWTH CURVE STUDIES 
6.4.1 Materials and Methods 
6.4.1.1 Bacteria 
The bacterial isolates used in this investigation were either, 1) isolated from the 
intestines of escapee rainbow trout and those held in aquarium facilities at CEFAS, 
Weymouth, during studies described in chapter 3, 2) supplied by NCIMB (Aberdeen, 
Scotland) or, 3) laboratory isolates obtained from diseased fish. Twenty-one bacterial 
isolates were examined in total (Table 30). Strains were chosen to reflect the dominant 
species of bacteria present in the intestines of both wild and farmed trout together with the 
major fish pathogens. 
Stocks of bacteria were held on Microbank™ beads and were stored -80°C. Viable 
plate cultures were produced for each isolate as described in chapter 2, using TSA, except 
for Flavobacterium psychrophilum colonies which were subcultured directly from a stock 
plate onto RIV AOA, using the streak plate method and Renibacterium salmoninarum 
which was subcultured to SKDM in the same way. Plates were incubated at 22°C for 24h 
(TSA), l5°C for 5 days (RIV AOB), or 15°C for 2-3 weeks (SKDM). Bacteria grown on 
TSA were subcultured to TSA to confirm purity. Broths containing 10ml of the 
appropriate medium were inoculated with the appropriate bacteria and incubated in an 
orbital incubator at 22°C for 24h (TSB), l5°C for 5 days (RIV AOB), or l5°C for 2-3 
weeks (KDMB). 
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Table 30: Bacteria used for growth curve studies 
Lab Identification Lab Identification 
Number Number 
117 Aeromonas encheleia 6/2 Plesiomonas shige/loides 
8/59 Serratia fonticola 7110 Shewane/la putrifaciens 
9/44 Serratia fonticola Lactococcus garviae (Lg) 
811 NI 2194 Yersinia ruckeri (Yr 2194) 
1/1 Aeromonas sp 1102 Aeromonas salmonicida (As) 
8/6 Serratia fonticola 2179/93p Yersinia ruckeri (Yr 2179) 
8/4 Serratia fonticola Lactococcus lactis lactis (Ll) 
9/3 NI Lactobacillus plantarum (Lp) 
8/12 NI Flavobacterium psychrophilum 
(Pp) 
12/4 Carnobacterium piscicola 2235 Renibacterium salmoninarum 
(Rs) 
12/6 Aeromonas veronii 
(NI = not identified) 
6.4.1.2 Growth curves 
Following the preparation of bacterial inocula, growth curve data was obtained 
using candidate prebiotic supplemented media, prepared as described in chapter 2, section 
2.4.5 (Study 1 ). In order to avoid potential inactivation of the prebiotics with heat during 
the usual media sterilisation processes, two methods of supplementation and sterilisation 
were tested. There were problems associated with dissolving inulin in solution and a 
pasteurisation process failed to sterilise the media. Finally, high strength TSB was 
prepared (90% of the 'normal' strength suggested by manufacturer) and sterilised in a 
steam autoclave at 121 "C for 15mins. Lactulose, lactitol or inulin was added to sterile 
deionised water, heated to dissolve, and then filtered through a 0.2~tm filter to dilute the 
TSB to 'normal' strength. For controls, filter sterilised deionised water was used. 
The following isolates, for which 24h growth curve data had been collected, were 
not included in the study: 911, 9/2 (1), 9/5, 7/2. As 911, 9/2 (1), 9/5 were unidentified and 
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showed markedly different growth characteristics, these were not included in the current 
study. Fl was omitted as it was not isolated from the intestine and 712 could not be 
revived. 
Where the initial results indicated a potential inhibitory or stimulatory effect, which 
may have resulted from the presence of a candidate prebiotic compound, a second trial was 
carried out (at the lower dose of 0.1 %) to investigate this further (Study 2). In addition, 
Yersinia ruckeri 2179/93p (Yr 2179), which was to be used for in vivo disease challenge 
studies (chapter 8), was included as were Lactococcus lactis lactis (Ll) and Lactobacillus 
plantarum (Lp ), which are known to produce bacteriocins (Panchayuthapani et al. 1995). 
6.4.2 Results 
Growth curve data using the supplemented media was obtained and compared to 
control data (TSB) for each bacterium. Results were presented in summary form as to 
present graphically would take up a large amount of space. For each organism, the time 
point at which the highest difference was observed was recorded and all 
stimulation/inhibition results pertain to these points. Table 31 summarises whether 
supplements (0.1% or 1% solution of inulin, lactulose or lactitol) inhibited or stimulated 
growth of each bacterial isolate and the degree of change relative to the organisms non-
supplemented control. A repeat study was carried out on a selection of isolates showing a 
high inhibition/stimulation of growth, along with Lactococcus lactis lactis, Lactobacillus 
plantarum and Yersinia ruckeri (2179), at the lower dose only (0.1 %). Table 32 
summarises whether supplements (0.1% solution of inulin, lactulose or lactitol) inhibited 
or stimulated growth of each bacterial isolate and the degree of change relative to the 
organisms non-supplemented control. 
For most bacteria, the greatest degree of change occurred in the logarithmic (log) 
phase of growth. The only exceptions were Lactococcus garviae, Lactobacillus plantarum 
and Aeromonas salmonicida (Study 2 only), where the highest degree of change occurred 
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at the transition between the log phase and the stationary phase, and 6/2, where the highest 
degree of change occurred at the transition between the Jag phase and the log phase. 
Table 31: Inhibition/ stimulation of isolates grown in supplemented media (0.1% or I% 
solution of inulin, lactulose or lactitol, Study 1) expressed as the time point at which the 
greatest degree of change occurred. 
Time 
GROWTH 
INIDBITION/STIMULA TION 
Isolate (mins) 0.1% inulin 0.1% lactulose 0.1% lactitol I% inulin I% lactulose I% lactitol 
Yr2194 420 0 
As 390 +++ ++ + 
Lg 420 * * * 
8/4 300 0 
8/6 300 0 
12/4 465 0 
12/6 285 ++ ++ + 0 
1/1 270 0 
1/7 360 
9/44 330 0 
8/1 275 0 
6/2 285 ++ ++ ++ +++ 0 0 
7/10 375 ++ 0 + + + 0 
9/3 300 0 0 0 
8/59 360 0 0 
8/12 270 0 
+, ++,+++=degree of stimulation relative to the organisms non-supplemented control 
-, --,---=degree of inhibition relative to the organisms non-supplemented control 
+++*/---*=most notable degree of stimulation/inhibition, 0 =no change 
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Table 32: Inhibition/ stimulation of isolates grown in supplemented media (0.1% solution 
of inulin, lactulose or lactitol, Study 2) expressed as the time point at which the greatest 
degree of change occurred 
Time 
GROWTH 
INHIBITION/STIMULATION 
Isolate (mins) 0.1% inulin 0.1% lactulose 0.1% lactitol I% inulin I% lactulose I% lactitol 
Yr 2194 270 0 0 NO NO NO 
Yr2179 495 0 0 NO NO NO 
Lg 570 +++* +++* +++* NO NO NO 
Ll 640 0 0 + NO NO NO 
Lp 640 +++* + +++ NO NO NO 
As 570 --0 0 NO NO NO 
7110 360 + NO NO NO 
12/4 420 0 0 NO NO NO 
12/6 270 0 NO NO NO 
Ill 320 0 NO NO NO 
6/2 515 NO NO NO 
+,++,+++=degree of stimulation relative to the organisms non-supplemented control 
-, --,---=degree of inhibition relative to the organisms non-supplemented control 
+++*/---*=most notable degree of stimulation/inhibition, 0 =no change, ND =Not Done 
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6.4.3 Conclusion to Section 6.4 
To determine whether a prebiotic could stimulate or inhibit the growth of certain 
bacteria a series of growth curve studies were set up. In the first instance, 3 known 
prebiotics were tested (lactulose, lactitol and inulin) at two different concentrations in TSB 
(0.1% and 1 %). 
Prior to the mam study, 24-hour growth curves were established in order to 
determine appropriate sampling time points. Briefly, the growth curves indicated that any 
stimulation of growth by candidate compounds would be detected within a I O-I2h period. 
Growth curve data could have been analysed in a number of ways but it seemed logical to 
determine the time point at which the highest difference was observed (for each organism) 
and relate stimulation/inhibition results to these points. Using this method, the initial 
series of tests showed that all prebiotics tested at a level of O.I% stimulated the growth of 
Plesiomonas shigelloides, Aeromonas veronii and Aeromonas salmonicida. Conversely, at 
a level of I%, all prebiotics inhibited the growth of Aeromonas salmonicida. Plesiomonas 
shigelloides showed the highest stimulation at a level of 1% inulin, yet no change at 1% 
lactulose or lactitol. Both O.I% lactitol and 0.1% inulin stimulated the growth of 
Shewanella putrefaciens along with I% lactulose and inulin. Overall, most bacteria tested 
were inhibited by the prebiotics tested. It should be noted that these data are not in a form 
suited to statistical analysis. However, the most pronounced inhibition was that of the 
growth of Lactococcus garviae with lactulose, lactitol and inulin at both doses. 
Growth curves for promising isolates and fish pathogens were repeated usmg 
freshly prepared media at the lower dose only (O.I %) (study 2). This lower dose was used 
as the next phase would be in vivo and adding greater than 0.1% of the candidate prebiotics 
was not practical. In addition, 2 bacteria known to produce bacteriocins (Panchayuthapani 
et al. 1995), and therefore potentially of interest to us, were tested (Lactobacillus lactis 
lactis and Lactobacillus plantarum). Most notable was a relatively high stimulation of the 
growth of Lactococcus garviae by lactulose, lactitol and inulin (compared to the other 
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bacteria tested), in contrast to the previous results (study 1). The original results were not 
reproducible and at this stage there is no explanation for this, but it appears to be an area 
worthy of further investigation. An increase in the growth of Lactobacillus plantarum was 
noted with all three prebiotics, most notably 0.1% inulin and a slight stimulation was noted 
with Lactobacillus lactis fact is and Shewanel/a putrifaciens with 0.1% lactitol. In 
addition, it had been planned to use Renibacterium salmoninarum and Flavobacterium 
psychrophilum but these are difficult and slow growing organisms. The inevitable 
difficulties encountered meant this part of the study was not continued. 
As the methodology had been standardised for each series of tests, the next 
question to ask was whether the differences between control and test cultures were 
significant. For example, to detennine whether a 3% difference in transmission is 
statistically significant the study should be repeated using enough replicates previously 
calculated to give 95% confidence that the difference is not due to chance (i.e. the prebiotic 
produces a real change in the growth of the bacteria). At this stage, insufficient time was 
available to persue the testing of multiple samples for each bacterium. The true worth of 
prebiotics can only be detennined in vivo and so the optimisation of molecular methods 
was focussed on as an effective way of analysing any changes to the intestinal microflora 
resulting from the use of a supplemented diet. 
6.5 GENERAL DISCUSSION 
Prebiotic compounds were chosen based on well-studied effects on the human gut 
microflora as there are no sources of data on compounds that might be fish specific. In 
addition, there is no data to suggest that enzyme systems may be different in fish, and so 
published data from human studies fonned a reasonable starting point 
Simple, conventional (batch culture) growth curves studies were carried out in 
order to detennine relevant strains of bacteria that could be selectively stimulated by one or 
more of the selected prebiotic compounds in comparison. For this, the growth of an 
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individual bacterium in prebiotic supplemented media was compared to growth in 
unsupplemented (control) media. The Biolog turbidimeter offered a simple and effective 
way to measure bacterial growth and this method has since been used by researchers to 
determine the pH range of growth of bacteria (Berry et al. 2003). It would seem 
appropriate that a prebiotic substance selected might be one that could stimulate an 
organism during the early phase of its growth, thus, reducing the Jag phase. The 
exponential (log) phase would thus be reached faster, an advantage when there is 
competition for colonisation sites. However, any stimulation at any phase of growth must 
be considered a benefit. However, it should also be noted the intestine is a complex 
environment and microorganisms are likely to interact. Therefore, simple in vitro studies 
can only give an initial indication of a likely in vivo effect. 
Various models for studying the intestinal flora in vitro are available, from simple 
static models through to the more sophisticated continuous culture methods. Rumney and 
Rowland (1992) reviewed the options available, highlighting some of the advantages and 
disadvantages associated with their use. Although, a continuous (chemostat) culture 
system would be more useful for the study of bacterial interactions, on this occasion this 
system was not employed due to budget and time constraints. At this stage a pilot study 
into the feasibility of using prebiotics to stimulate certain bacteria was the aim rather than 
recreating a model of the fish intestine. 
Tryptone Soy Broth was used as a growth medium for in vitro studies. As prebiotic 
compounds were to be top-dressed onto feed, which in effect increases the carbohydrate 
content of the feed, this medium, which is a fairly complex medium would at least provide 
a wide range of nutrients. Ideally, the carbohydrate component of feed would be 
exchanged and collaboration and the expertise of a commercial feed manufacturing 
company would be advantageous. The next stage would be to employ a minimal media 
(such as peptone water), which is more defined and therefore suited to the testing of 
individual carbohydrate compounds (Oxoid manual 1995). 
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Two separate approaches were investigated. The first approach was a pre-screen of 
bacteria, previously isolated from the intestine, to identify candidate probiotic bacteria, 
which exhibit bacteriocidal activity against fish pathogens. Different prebiotics could then 
be investigated which are able to stimulate the growth of these specific bacteria. To 
achieve this, a series of growth curve studies were performed. 
It was assumed from the start that a prebiotic would encourage the growth of 
beneficial bacteria to either produce metabolites beneficial to the fish or inhibit the growth 
of pathogens. However, the fact that some compounds appeared to have a direct inhibitory 
effect on the pathogens is in itself a matter of considerable interest and worthy of further 
investigation. An inhibitory effect is a different yet beneficial affect to those previously 
described. It should be noted that inhibition of one pathogen does not mean inhibition of 
all and it is therefore important to show that prebiotics will not, in addition, inadvertently 
increase the growth of other pathogens. 
It must be emphasised that these should only be regarded as preliminary results, 
since for statistical significance to be obtained a much greater number of replicates are 
required (Pers. Comm. E. Peeler.). However, these limited initial results were promising 
and, therefore, some initial in vivo trials commenced. 
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CHAPTER7 
THE USE OF TERMINAL RESTRICTION FRAGMENT LENGTH 
POLYMORPHISM ANALYSIS (TRFLP) TO MONITOR POPULATION 
DYNAMICS IN RAINBOW TROUT (ONCOHRYNCHUS MYKISS) 
7.1 GENERAL INTRODUCTION 
Although there have been a number of studies of the intestinal microflora of 
rainbow trout (Trust and Sparrow 1974; Trust et al. 1979; Sakata et al. 1980; Nieto et al. 
1984; Austin and Al-Zahrani 1988; Starliper et al. 1992; Gonzalez et al. 1999; Spanggaard 
et al. 2000; Huber et al. 2004), most have relied on standard bacteriological techniques for 
the isolation and subsequent characterisation of bacterial species. However, it is widely 
accepted that many species of bacteria are non-culturable (Fry 2000; Spanggaard et al. 
2000; Huber et al. 2004) and, since many of the species bacteria that can be cultured are 
morphologically similar, the effort involved in identifYing representative colonies is 
extremely laborious. 
Jn recent years, culture-independent molecular methods have been developed 
which may provide more detailed information on such complex communities (Schwartz 
and Cantor 1984; Woese et al. 1987; Vergin et al. 2001). Genetic fingerprinting methods, 
many based on the use of 16S rRNA primers, have been used to determine dominant 
populations from amplified DNA products. Such methods can reduce workloads and 
increase the reliability of data. 
Previous studies in this project (chapters 4 and 5) established that the use of 
terminal restriction fragment length polymorphism (tRFLP) analysis to determine 
dominant bacteria present in the intestines of rainbow trout was an effective method. The 
method may also be of benefit in the study of population dynamics, in which changes in 
the relative proportions of bacterial species is of interest. 
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In this current study, the potential use of tRFLP to monitor changes to the bacterial 
population present in the intestine of rainbow trout, due to feeding a prebiotic 
supplemented diet, was assessed. The traditional culture methods were run in parallel as a 
comparison. Initial in vivo experiments focussed on dose titration studies to assess the 
possible therapeutic concentrations required of selected prebiotics top-dressed onto feed. 
The top-dressing of feed is usual with veterinary medicines, whereas prebiotic supplements 
would normally be combined with the pellet. At present, the only practical route to modify 
the diet was to top-dress the feed with the prebiotic supplement. 
7.2 PRE-DOSE TITRATION STUDY 
7.2.1 Introduction 
Initially, a series of preliminary dose titration studies were carried out to assess the 
feasibility of using tRFLP to monitor population dynamics, determine the parameters for a 
larger trial and assess the safety and palatability of the modified diet. To summarise, 
studies were carried out to assess the following: 
1) the palatability and safety ofprebiotic supplemented diets 
2) the length of time on diet necessary to change the microflora, 
3) the length of trial and sampling periods required to monitor successfully the 
effect of a modified diet, 
4) dosage ofprebiotic required to modify the intestinal microflora, 
5) the feasibility of using tRFLP to monitor population dynamics. 
7.2.2 Materials and Methods 
7.2.2.1 Fisll 
Three groups of IS rainbow trout, each approximately lSOg and previously 
acclimatised for at least 7 days to the experimental conditions described, were transferred 
to 300litre tanks containing dechlorinated fresh water at l5°C± l oc. A 12h-day length, 30-
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mm dusk/dawn was provided with day illumination set to provide appropriate light 
(approximately 200Lux) at the water surface. 
7.1.1.1 Experimental diets 
All experimental feeds were prepared at the CEFAS Weymouth Laboratory. The 
dietary supplements (inulin and lactulose) were evenly coated onto pellets of Excel 23 
(Trouw, U.K.), which were close in composition to the Excel 18 pellets to be used in 
disease challenge studies, followed by a coating of pure vegetable oil (Asda, U.K.) as 
follows. Fish were weighed pre study and an appropriate amount of feed to last the study 
was weighed out and placed in a sterile 51 glass beaker. Inulin/lactulose at 1000mglkg feed 
was weighed out, sprinkled onto the feed and then mixed thoroughly by hand (sterile 
gloved). Pure vegetable oil (Asda, U.K.), at 25ml/Kg feed, was evenly coated onto the 
prebiotic covered feed, again by hand (sterile gloved). Control diet consisted of Excel 23 
pellets (XL23). Once prepared, experimental diets were stored at +4°C prior to use in 
resealable plastic bags. The fish were hand fed the experimental diets at a feeding rate of 
I% body weight per day (over 2 feeds) and for a period of 10 days. The following Table 
summarises the characteristic of each feed (Table 33). 
Table 33: Experimental diets for dose titration studies 
Feed Supplement Diet Code Inulin/ Protein% Fat% Feed size 
Lactulose 
(mglkg) 
No supplement XL23 0 47 19 2.3 mm pellet 
Inulin 0.1% IN2 0.1 1000 47 19 2.3 mm pellet 
Lactulose 0.1% LS2 0.1 1000 47 19 2.3 mm pellet 
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7.2.2.3 Pre-dose titratio11 study 
The study consisted of 3 groups of 15 rainbow trout, randomly obtained from 
stocks, and investigated the effect of feeding inulin and lactulose supplemented diets at a 
feeding rate of 1% body weight per day, for a period of 1 0 days, at dietary levels of 0 and 
lOOOmg/kg dry feed. 
One group was offered a modified diet consisting of standard trout pellets coated 
with inulin (I OOOmg/kg body weight/day) and one group was offered a modified diet 
consisting of standard trout pellets coated with lactulose (1 OOOmg/kg body weight/day). A 
control diet (not oiled) of standard trout pellets was offered to the other group. The 
palatability and safety of the supplemented diets was assessed by daily observation during 
feeding. 
At each time point a single fish from each group was sampled and processed, using 
both bacteriological and molecular techniques (tRFLP). Previous studies (chapter 5) had 
shown that the intestinal microflora of fish within a population was similar. Fish were 
sampled on days 1 (prior to first feed), 3, 5, 7 and 10. On day 10, in addition to the single 
fish, the remaining 5 fish from each group were sampled and processed for tRFLP analysis 
only. 
7.2.3 Results 
7.2.3.1 Palatability 
It was noted that the lactulose-supplemented diet was palatable and the fish 
appeared healthy throughout the study. On the other hand, the inulin-supplemented diet 
did not appear as palatable and some aggressive behaviour was noted. By day 5 the fish 
appeared very lethargic and had diarrhoea. Some fish from this group appeared to be 
developing fungal lesions on their external surfaces. 
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7.2.3.2 Bacteriology 
Table 34 illustrates relative numbers of total bacteria cultured using conventional 
techniques, following administration of both control and modified diets. Two dominating 
bacteria were isolated and identified from all fish- Aeromonas sp. (not Aeromonas 
sa/monicida; the isolate was motile) and Carnobacterium piscicola. 
Table 34: Relative numbers of total bacteria cultured using conventional techniques 
Diet 
XL23 
IN 0.1 
LS 0.1 
Day 1 
0 
+I-
0 
Day3 
+I-
0 
0 
DayS 
0 
++I+++ 
+I++ 
Day7 Day 10 
0 +I-
+++ +++ 
+ 0 
+1- (<Scolonies), + (25-50% of plate covered),++ (50-75%), +++ (75-100%), C (Confluent 
growth), 0 (no growth). 
7.2.3.3 Molecular Analysis (tRFLP) 
PCR products were generated for all samples but these were generally weak. In 
fish fed the inulin-modified diet, PCR products of increased intensity were observed in 
samples taken at day 3 and 5 (Figure 56) and therefore samples from this group were 
analysed using GeneS can TM software (Figure 57). In fish fed the lactulose-modified diet, 
PCR products were generally weak and not analysed further. Two dominant peaks were 
observed in samples from day 3 and day 5, at -65 and 200bp. A small peak was also 
observed of -140bp on day 5. Overall, it appeared that the total intestinal micro flora of 
fish fed the inulin-modified test diet increased at day 3 and then decreased up to day 10. 
The total intestinal microflora of fish fed the control diet did not change significantly 
during the study with few or no bacteria detected (Figure 58). 
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Figure 56: PCR products (1324bp) amplified from total intestinal DNA extracted from the 
gut homogenates of fish fed either a modified or control diet, over a 10 day period. 
Products were resolved on a 1% agarose gel containing 0.625rng/m1 ethidium bromide, run 
at 120V for 25min. 
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Figure 57: Genescan TM profile representing inulin modified diet, days 1-10, Alu I 
~ 
(Peaks representing bacteria = black, Rox500 size standard = red, x-axis = restriction 
fragment size (bp)) 
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Figure 58: Genescan ™ profile representing control diet, days 1-10, Alu I 
(Peaks representing bacteria = black, Rox500 size standard = red, x-axis = restriction 
fragment size (bp)) 
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7.2.4 Conclusion to Section 7.2 
This first study was a preliminary one in order to 1) confirm the feasibility of using 
tRFLP to monitor population dynamics 2) assess the palatability and safety of prebiotic 
diets and 3) determine a set of parameters to study changes to the intestinal microtlora due 
to feeding a prebiotic supplemented diet. Two dietary supplements were tested; lactulose 
and inulin. 
On days 1 (first feed), 3, 5, 7 and 10, one fish from each of the tanks receiving the 
supplemented diets and from a control (stock) tank was sampled and processed using both 
bacteriological and molecular techniques. On day 10, five fish from each tank were 
sampled and processed using molecular methods (tRFLP analysis) to determine whether 
the microtlora was consistent in a given population. Since mains power supplies were 
subject to a period of unreliability, all samples for molecular studies were frozen until 
analysis was possible. 
Some problems with the inulin-supplemented diet were noted, along with some 
aggressive behaviour, in fish fed this diet. Fish also appeared very lethargic, had diarrhoea 
and some appeared to be developing fungal lesions on their external surfaces. The cause of 
this was unclear but subsequent studies (section 7.3) suggest that this was not attributable 
to the inulin. On the other hand, the lactulose-supplemented diet was palatable and the fish 
appeared healthy throughout the study. 
The total intestinal microflora (mainly the Aeromonas sp.) of fish fed the inulin 
modified test diet increased at day 5 and remained at this level until day 10. These results 
suggest it takes between 3 and 5 days to change the intestinal microtlora of trout raised 
under laboratory conditions. In fish fed a lactulose-supplemented diet a slight increase in 
the numbers of a species of Aeromonas was observed at day 5 and day 7 but this had 
decreased to zero again by day I 0. The total intestinal microtlora of fish fed the control 
diet did not change significantly during the study with few or no bacteria isolated. One 
factor differing between the diets was that the medicated diet was oiled whereas the control 
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diet was not. This may have been the source of the difference in microtlora, although there 
appeared to be no logical reason why at this stage. Nevertheless, an oiled control feed was 
used in future studies. 
Despite the general lack of PCR products generated from fish fed a lactulose-
supplemented diet, a number of strong PCR products were generated from fish fed an 
inulin-supplemented diet. These were purified, digested using Alul and Hhal and run 
using the GeneScan™ program. Data was presented using the Chromas 2.21 software 
program, for inclusion in a poster (Stone et al. 2003). When samples were analysed it 
appeared that the total intestinal microtlora of fish fed the inulin modified test diet 
increased at day 3 and then decreased up to day 1 0, in contrast to data obtained by culture 
methods. This suggests that the lack ofPCR products in this study was due to inhibition of 
the PCR as the number of bacteria increased - conventional isolation methods showing a 
dramatic increase in bacterial counts from day 5 to 10. A problem with amplification 
could possibly be overcome by diluting the DNA extract prior to amplification. The 
intestinal microflora of fish fed the control diet did not change significantly during the 
study with few or no bacteria detected and corresponding to results obtained using 
conventional tests. 
Two dominant products were observed in samples from day 3 and day 5 (inulin-
modified diet, Alul), at approximately 65bp and 200bp, suggesting one dominating 
bacterial group. However, two groups of bacteria were isolated and identified when using 
conventional culture methods. A small peak was also observed at ~ 140bp which could be 
attributed one of these bacterial species and may suggest that this species was present in 
lower numbers and, therefore, not detected using tRFLP. It did not appear that significant 
numbers of non-culturable bacteria had been stimulated by the modified feed. The 
generation of amplicons at day 3, in the absence of bacterial growth, may reflect 
differences in the sensitivity of the two assays rather than the presence of non-culturable 
bacteria. However, the tRFLP assay does not provide taxonomic information to allow such 
234 
companson. RFLP analysis of the amplicon and the subsequent sequencing of 
representative groups would confirm whether these are the same groups of bacteria as 
those identified by conventional culture methods or whether these were additional bacterial 
species that are non-culturable. RFLP analysis and sequence analysis was carried out in 
the following main dose titration trial described below. 
7.3 DOSE TITRATION STUDY 
7.3.1 Introduction 
The results of the pre-dose titration study confirmed the potential benefits oftRFLP 
analysis to monitor bacterial population dynamics. Therefore, a larger study was 
performed to ascertain the effect of two different prebiotics (at two different doses each) on 
the intestinal microtlora, using both bacteriological and molecular techniques. In addition, 
the palatability of the modified diets was studied further. 
7.3.2 Materials and Methods 
7.3.1.1 Fisll 
Six groups of IS rainbow trout, each approximately 200g bodyweight and 
previously acclimatised for at least 7 days to the conditions described, were transferred to 
3001itre tanks containing dechlorinated fresh water at I5°C±l 0 C. A 12h-day length, 30-
min dusk/dawn was provided with day illumination set to provide appropriate light 
(approximately 200Lux) at the water surface. 
7.3.1.2 Experimental diets 
Once again, all experimental feeds were prepared at the CEF AS Weymouth 
Laboratory. The dietary supplements (inulin and lactulose) were evenly coated onto 
pellets of Excel 23 {Trouw, U.K.), as previously described, followed by a coating of pure 
vegetable oil (Asda, U.K.) at 25mi/Kg feed. Control diet consisted of Excel 23 pellets 
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(XL23) and Excel 23 pellets+ vegetable oil (XL23 + oil), respectively. Experimental diets 
were stored at +4°C prior to use in resealable plastic bags. As part of the acclimation 
period all fish were fed an oiled diet (Excel 23 + oil) except one group, which were fed 
unoiled Excel 23 (XL23). The fish were fed the experimental diets at a feeding rate of I% 
body weight per day (over 2 feeds) and over a period of 18 days. Feed was pre weighed 
each day, to account for removal of fish during sampling, recognising that not much 
growth would occur over the trial period. The following Table summarises the 
characteristic of each feed (Table 35). 
Table 35: Experimental diets for dose titration study 
Feed Oiled? Diet Code Inulin/ Protein Fat Feed size 
Supplement Lactulose % % 
(mglkg) 
No N XL23 0 47 19 2.3 mm pellet 
supplement 
Vegetable y XL23 +OIL 0 47 19 2.3 mm pellet 
Oil 
Inulin y INI 0.01 lOO 47 19 2.3 mm pellet 
0.01% 
Inulin y IN2 0.1 1000 47 19 2.3 mm pellet 
0.1% 
Lactulose y LSI 0.01 100 47 19 2.3 mm pellet 
0.01% 
Lactulose y LS2 0.1 1000 47 19 2.3 mm pellet 
0.1% 
7.3.3.3 Dose Titration study 
The study consisted of 6 groups of 15 rainbow trout and investigated the effect of 
feeding inulin and lactulose supplemented diets for a period of 14 days at 2 dietary levels 
(0, 100 and 1 OOOmglkg dry feed). The 6 groups received experimental feed for 14 days 
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and began the corresponding diets on Day 0. All groups were fed at a 1% feeding rate for 
10 days. Two fish from each tank were sampled and processed, using both bacteriological 
and molecular techniques (tRFLP), on days 0, 3, 5, 7, 10, 14 and 18. Time constraints did 
not permit the analysis of further samples. RFLP analysis was carried out on material from 
a single fish, at day 10, from those fed diets IN 0.01 and XL23 +oil. At the end of the 
feeding period (Day 18), the remaining fish in each tank were killed. 
7.3.4 Results 
7.3.4.1 Bacteriology 
Table 36 illustrates relative numbers of total bacteria cultured using conventional 
techniques, following administration of both control and modified diets. Two dominating 
bacteria were isolated and identified from all samples- Aeromonas sp. (not Aeromonas 
salmonicida; the isolate was motile) and Carnobacterium piscicola. 
Table 36: Relative numbers of total bacteria cultured using conventional techniques 
Diet DayO Day3 Day5 Day7 Day 10 Day 14 Day 18 
F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 Fl F2 F1 F2 
XL23 + + C+++ ++ ++ ++ +++ + 0 0 +/- + +/-
XL23 + OlL 0 + ++ +++ +I- ++ +/- 0 ++ ++ 0 ++ + +/-
IN 0.01 + + +I- ++ +/- +++ ++ +++ c c 0 0 +I- +/-
IN 0.1 +/- + ++ ++ + +++ ++ + ++ +++ 0 0 ++++++ 
LS 0.01 +++ + +I- ++ c c c c +++ c 0 +/- +I- +++ 
LS 0.1 +!- + +!- + + 0 +/- +++ 0 +/- 0 0 +I- +++ 
+/- (<5colonies), + (25-50% of plate covered),++ (50-75%), +++ (75-100%), C (Confluent 
growth), 0 (no growth) 
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7.3.4.2 Molecular a11alysis (tRFLP a11d RFLP) 
PCR products of the expected size (1324bp) were generated for most samples and 
varied in intensity. Figure 59 shows that the strongest products amplified from total 
intestinal DNA, extracted from the gut homogenates of fish fed a control diet, were 
obtained from the following samples: day 0 (fish 2), day I 0 (fish 1 and 2), day 14 (fish 2), 
day 18 (fish 1). The rest of the products were very weak and non-specific bands of -lKbp 
were produced in the sample from fish 1, day 0 (lane 2) and bands of- I Kbp and I.SKbp 
were produced in the sample from fish 1, day 3 (lane 4). A strong product was obtained 
for the positive control and no band was present in the negative control. Figure 60 shows 
that the strongest products amplified from total intestinal DNA, extracted from the gut 
homogenates of fish fed an inulin-supplemented diet, were obtained from the following 
samples: day 3 (fish 2), day 5 (fish 2), day 7 (fish 1 and 2), day I 0 (fish 1 and 2). The rest 
of the products were very weak. A strong product was obtained for the positive control 
and a very weak band was present in the negative control. Figure 61 shows that the 
strongest products amplified from total intestinal DNA, extracted from the gut 
homogenates of fish fed a lactulose-supplemented diet, were obtained from the following 
samples: day 0 (fish 2), day 5 (fish 1 and 2), day 7 (fish 1 and 2), day 10 (fish 1). The rest 
of the products were very weak. A strong product was obtained for the positive control 
and a very weak band was present in the negative control. 
In general, PCR products obtained from fish fed modified diets containing 1 OOOmg 
inulin or lactulose /Kg feed were generally weak and therefore not analysed further (data 
not shown). The strongest PCR products, from fish fed modified diets containing lOOmg 
inulin or lactulose /Kg feed, were chosen for GeneScan T1d analysis. 
All samples were analysed using GeneScan T1d software. Initially, the strongest PCR 
products for each duplicate (fish 1 or 2) were grouped together and analysed (Figures 62 to 
67). Profiles for the weaker products from each duplicate were then analysed together and 
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found to be similar to those obtained from the strongest except that peaks were less 
prominent (results not shown). 
The total intestinal microtlora of fish fed the control diet (Figures 62 and 63) 
appeared to decrease following the start of the study period with a boost at day 10. At both 
time points two dominant peaks were noted of -70 and 200bp, when digested with Alul, 
and of -190 and 290bp, when digested with Hhal. It appeared that the total intestinal 
micro flora of fish fed the inulin modified test diet (Figures 64 and 65) increased at day 7 to 
day 10 and then decreased. Five dominant peaks were present of -25, 70, 140, 200 and 
205bp (and an additional peak of -125bp at day 10), when digested with Alul, and of 
-115, 190, 290, 415 and 540bp, when digested with Hhal. No data was obtained for day 
18, fish I, digested with Hhal, due to failure of the genetic analyser to record any data. In 
addition, the relative proportions of the different peaks differed in size between days 7 and 
10 (peaks of -115 and 540bp increased in size compared to a decrease in the area under the 
other three peaks). The total intestinal microflora of fish fed the lactulose modified test 
diet (Figures 66 and 67) increased at day 5 to day 7 and then decreased. Six dominant 
peaks were present of- 25, 70, 115, 125, 140 and 200bp, when digested with Alul, and of 
-115, 190, 290, 540 and 550bp when digested with Hhal (and two additional peaks of 
-390 and 415bp at day 1 0). Again, the relative proportions of the different peaks differed 
in size between days. Similar profiles were obtained for samples from both modified diets 
but there was a larger area under the peaks in those from fish fed an inulin modified diet. 
Following RFLP analysis of 200 clones per sample and sequencing of the 
16SrRNA gene, as described in chapter 5, two dominating bacterial groups were identified 
- Clostridium gasigenes and Aeromonas sobria. 
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Figure 59: PCR products (1324bp) amplified from total intestinal DNA extracted from the 
gut homogenates of fish fed a control diet (XL 23 + oil), over an 18 day period. 
Day 0, Fish 1 and 2, lanes 2-3, respectively; Day 3, Fish 1 and 2, lanes 4-5, Day 5, Fish 1 
and 2, lanes 6-7, respectively; Day 7, Fish 1 and 2, lanes 8-9, respectively; Day 10, Fish 1 
and 2, lanes 12-13, respectively; Day 14, Fish 1 and 2, lanes 14-15, respectively; Day 18, 
Fish 1 and 2, lanes 16-17, respectively; mastennix with water template (negative control), 
lane 18; Yersinia ruckeri (positive control), lane 19; 1 Kbp ladder, lanes 1, 10, 11 and 20. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 25min. 
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Figure 60: PCR products ( 1324bp) amplified from total intestinal DNA extracted from the 
gut homogenates of fish fed a diet supplemented with inulin (1 OOmg/Kg feed), over an 18 
day period. 
Day 0, Fish 1 and 2, lanes 2-3, respectively; Day 3, Fish 1 and 2, lanes 4-5, Day 5, Fish l 
and 2, lanes 6-7, respectively; Day 7, Fish 1 and 2, lanes 8-9, respectively; Day 10, Fish 1 
and 2, lanes 12-13, respectively; Day 14, Fish 1 and 2, lanes 14-15, respectively; Day 18, 
Fish 1 and 2, lanes 16-1 7, respectively; mastermix with water template (negative control), 
lane 18; Yersinia ruckeri (positive control), lane 19; 1Kbp ladder, lanes 1, 10, 11 and 20. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 25min. 
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Figure 6I: PCR products (1324bp) amplified from total intestinal DNA extracted from the 
gut homogenates of fish fed a diet supplemented with lactulose (1 OOmg!Kg feed), over an 
18 day period. 
Day 0, Fish I and 2, lanes 2-3, respectively; Day 3, Fish 1 and 2, lanes 4-5, Day 5, Fish I 
and 2, lanes 6-7, respectively; Day 7, Fish 1 and 2, lanes 8-9, respectively; Day 10, Fish 1 
and 2, lanes 13-14, respectively; Day 14, Fish 1 and 2, lanes 15-16, respectively; Day 18, 
Fish I and 2, lanes 17-18, respectively; mastermix with water template (negative control), 
lane 19; Yersinia ruckeri (positive control), lane 20; IKbp ladder, lanes 1 and II ; lanes 10 
and 12 not applicable to study. 
Products were resolved on a 1% agarose gel containing 0.625mg/ml ethidium bromide, run 
at 120V for 25min. 
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Figure 62: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
control diet (XL 23 + oil) over a period of 18 days, amplified using 63FFAM, 1387RHEX 
and digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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Figure 63: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
control diet (XL 23 + oil) over a period of 18 days, amplified using 63FFAM, 1387RHEX 
and digested using Hhal. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific arnplicons. 
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Figure 64: Genescan TM profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
diet supplemented with inulin (lOOmg/Kg feed) over a period of 18 days, amplified using 
63FFAM, 1387RHEX and digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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Figure 65: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
diet supplemented with inulin (IOOmg/Kg feed) over a period of 18 days, amplified using 
63FF AM, 1387RHEX and digested using Hhai. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the tenninal 16S- specific amplicons. 
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Figure 66: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
diet supplemented with lactulose (100mg/Kg feed) over a period of 18 days, amplified 
using 63FFAM, 1387RHEX and digested using Alul. 
Red peaks = Rox500 standard (right to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal resttiction fragments from the terminal 16S -specific amplicons. 
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Figure 67: Genescan ™ profiles for DNA extracted from fish intestine (fish 1 or 2), fed a 
diet supplemented with lactulose (100mg/Kg feed) over a period of 18 days, amplified 
using 63FFAM, 1387RHEX and digested using Hhal. 
Red peaks = Rox500 standard (tight to left 500, 490, 450, 400, 350, 340*, 300, 250*, 200, 
160, 150, 139, 100, 75, 50bp, *peak not used to size samples). Blue peaks represent 
terminal restriction fragments from the terminal 16S - specific amplicons. 
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7.3.5 Conclusion to Section 7.3 
Following the results of the pre-dose titration study to test the proposed analytical 
techniques, the main dose titration study was carried out which included both lactulose and 
inulin, both tested at levels of lOOOmg/Kg feed and lOOmg/Kg feed. Supplemented diets 
were prepared using Excel 23 feed pellets. A control diet of Excel 23 + .oil was also 
prepared to determine any differences to the microflora that oil may make. 
It was noted that all diets were palatable and fish remained healthy throughout the 
study period. Slight problems of acceptability of the inulin diet in the pre-study were 
evidently not attributable to the prebiotic. Again, the dominant bacteria in all groups were 
Aeromonads, along with Camobacterium piscicola. 
As determined with conventional culture methods, the total intestinal microflora 
(mainly the Aeromonas sp.) of fish fed all test diets, except lactulose at 1000mg/Kg feed, 
increased at day 5 and remained at this level until day 10. Looking at the groups fed a 
prebiotic modified diet in isolation may suggest that feeding a prebiotic gives a transitory 
boost, supporting the findings from the preliminary dose titration study, which suggested it 
takes between 3 and 5 days to change the intestinal microflora of trout. However, a similar 
boost was noted in the controls whose diet had not been changed. By day 14, the original 
study end date, almost all fish in the different groups (both modified and control diets) 
appeared to be lacking intestinal bacteria. As there appeared to be no apparent explanation 
for the lack of culturable bacteria present (laboratory conditions had been checked, such as 
incubators and technique), and no previously published bacterial community studies had 
shown this phenomenon, the study was continued for a further four days (until the tanks 
were required for other studies) and the remaining fish were sampled and processed. By 
day 18, there was a dramatic increase in the number of bacteria isolated from fish fed high 
inulin-modified diet (lOOOmg/Kg feed). Duplicate fish from the group fed lactulose-
modified diets gave conflicting results and show the need for replicate sampling. All other 
groups did not show any great change in the numbers bacteria isolated. Fish fed a 
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lactulose supplemented diet at 1000mg/Kg feed showed little change over the 18-day 
period and at I OOmg/Kg, low numbers of microorganisms were present from day 0. 
Despite the above results, fish from controls tanks also showed high numbers of 
micro-organisms from day 3 to day 10 (Excel 23), though less bacteria were isolated from 
the group fed a diet of Excel 23 + oil. A possible explanation is that oil-coated feed has an 
inhibitory effect on bacteria in the intestine; it perhaps coats the intestine and thus prevents 
the complete removal of bacteria from the epithelial surface. If this was the case, then it 
would be reasonable to assume that if fish were fed a diet incorporating a prebiotic 
compound (rather than top dressed onto feed and coated with oil) a more striking gut 
microtlora would be observed. Alternatively, different tanks may have different 
microbiology. However, the raising of fish under near-sterile conditions and using water 
from the same source should limit any differences between tanks. 
Results for each set of duplicates from each tank were fairly consistent, suggesting 
that the microtlora of a fish population (each tank in this case) at a given time was similar. 
However, the few outliers (for example, LS 0.01 and LS 0.1 at day 18) illustrate the 
importance of sampling replicates and samples should ideally be carried out in at least 
triplicate. Unfortunately, the amount of work necessary to sample any more than duplicate 
fish from each tank was impractical with the available resources. Previous published 
studies on the fish intestinal microtlora have reported variations in bacterial counts 
between individuals (Huber et al. 2004; Spanggaard et al. 2000). However, it should be 
noted that the fish tested were from commercial farms .and are therefore more likely to 
have a varied microtlora considering the many factors potentially influencing the 
microtlora (as previously discussed in chapter 5) in comparison to those raised under 
controlled conditions. 
Following the optimisation of the molecular methods (chapter 4) frozen samples 
were processed for tRFLP analysis. Being fairly rapid with results easily compared, this 
method provided an ideal means for monitoring changes in microbial populations as a 
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result of using prebiotic supplemented feed. The intensity of the PCR products generated 
and peak height in tRFLP analysis indicated that both inulin and lactulose, at the levels 
described, increased the growth of certain intestinal bacteria in comparison to samples 
obtained from fish fed a control diet. 
In general, it appeared that modified test diets affected the intestinal microflora. 
The total intestinal microflora of fish fed the inulin modified test diet appeared to increase 
at day 7 to day 10 and then decrease. This was in agreement with data obtained by culture 
methods with the exception that at day 5 (culture) high numbers of bacteria were isolated. 
In addition, the relative proportions of the different peaks differed in size between days 7 
and 10, suggesting the preferential growth of one or more organisms. The total intestinal 
microflora of fish fed the lactulose modified test diet increased at day 5 to day 7 and then 
decreased. This was in agreement with data obtained by culture methods with the 
exception that at day I 0 (culture) high numbers of bacteria appeared to remain present. 
The total intestinal microflora of fish fed the control diet appeared to decrease following 
the start of the study period with a boost at day 10, in contrast to results obtained using 
conventional tests, which remained relatively stable throughout the study period. Profiles 
from weaker PCR products were similar to those obtained from stronger ones except that 
peaks were less prominent, although there appeared to be no correlation between the total 
numbers of bacteria isolated with conventional methods and the intensity of PCR product 
between individual fish. 
It is likely that the failure to generate PCR products in some cases is due to 
inhibition of the PCR as the number of bacteria in each sample increased - using 
conventional isolation methods a notable increase in bacterial counts was observed from 
days 5 to 10. It was originally thought that this problem with amplification could be 
overcome by diluting the DNA extract prior to amplification. However, as this was 
unsuccessful (discussed in chapter 4, section 4.4.2.7), degradation of the DNA at -20"C 
cannot be ruled out. A storage temperature of -80"C should be used for the future 
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archiving of samples. Alternatively, the use of DNA storage filters ('Indicating FTA ® 
Classic Card', Whatman®, U.K.) could be investigated, which would allow for the storage 
of samples at room temperature. 
RFLP analysis demonstrated that the dominant bacterial groups were Aeromonas 
sobria and Clostridium gasigenes (Clostridium gasigenes is an anaerobic bacterium that 
had not previously been isolated using the current range of media and conditions) as 
described in chapter 5, section 5.3. These results suggest that the prebiotic was either 
stimulating the growth of the Aeromonas sobria or suppressing the growth of Clostridium 
gasigenes and allowing the Aeromonad to take over. 
7.4 General Discussion 
Two potential prebiotic compounds, inulin and lactulose, were tested in vivo. 
These increased the growth of certain bacteria during in vitro growth curve studies (chapter 
6) and were significantly less expensive than lactitol, also tested in vitro. Two dose 
titration studies were carried out which involved feeding rainbow trout the potentially 
beneficial prebiotics and monitoring changes to the micro flora using previously developed 
bacteriological and molecular techniques. The palatability of the prepared diets was also 
determined. Results demonstrated that when incorporated into feed at the levels described 
above, inulin (in both the preliminary and main dose titration trials) increased the growth 
of certain intestinal bacteria in comparison to samples obtained from fish fed a control diet 
(Stone et al. 2003) and the feed was both palatable and safe. This supplement was 
therefore used in challenge studies (chapter 8). 
Bacteriological data demonstrated that the growth of an Aeromonad was increased 
along with Carnobacterium piscicola. Organisms of this type have been consistently 
isolated throughout the project study period using conventional methods. Molecular 
methods demonstrated that the dominant bacterial groups were Aeromonas sobria and 
Clostridium gasigenes. These results suggest that the prebiotic was either stimulating the 
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growth of the Aeromonas sobria or suppressing the growth of Clostridium gasigenes and 
allowing the Aeromonad to take over. Previous studies using inulin in a human feeding 
trial have shown a similar effect but with an increase in Bifidobacteria and a reduction in 
Bacteroides, Clostridia and Fusobacteria (Gibson et al. 1995). Although Carnobacterium 
piscico/a was isolated in high numbers using culture methods, this organism was not found 
to be one of the two most dominant intestinal bacteria when using molecular methods. 
Further sequencing of clones from other RFLP groups would likely result in the detection 
of this organism. 
There were a number of difficulties encountered during these studies. The main 
dose titration study produced equivocal results that were difficult to explain. Results were 
. 
inconsistent although this did not appear to be related to the study design. The use of a 
higher number of replicates may have clarified some results, however there were limits on 
numbers of fish that could be sampled each day within a period of time that did not allow 
for the multiplication of the microflora. 
As stated, in human feeding trials, inulin has been shown to increase numbers of 
Bifidobacteria (Gibson et al. 1995; Kleeson et al. 1997). So far, members of this genus 
have not been isolated from the fish intestine, and th.ere has been speculation (Probiotics 
workshop, European Association of Fish Pathologists (EAFP) meeting 2003, Malta) as to 
the merit of using prebiotics, known to increase human intestinal bacteria, in fish. 
Although the use of specific oligonucleotide probes to detect Bifidobacteria may disprove 
these previous findings, the results from the dose titration trials indicate that it is possible 
to stimulate the growth of bacteria from other genera (namely Aeromonas). Of particular 
interest was the discovery that inulin increased the numbers of Aeromonas sobria, and that 
this organism has previously been found to be the most successful probiotic for preventing 
disease in challenged fish (B. Austin, Pers. Comm., Fish Health Review 2003). 
There is extensive literature available on the use ofprebiotics in both farm animals 
and humans. However, few studies have looked at the effect of prebiotics on the intestinal 
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micro flora of fish (Ringe 1991; Ringe 1993a; Gislason et al. 1996; Ringe et al. 1998), as 
previously described in the General Introduction (chapter 1 ). In fact, since Ring0 and 
Olsen (1999) suggested that 'greater attention should be given to the subject of how to 
increase the level of intestinal Carnobacteria which are able to inhibit growth of fish 
pathogens by dietary manipulation' only a single study by Li and Gatlin ill (2004) 
indicating that the prebiotic Grobiotic™ AE and dietary brewers yeast could enhance the 
growth performance, immune responses and resistance of hybrid striped bass to 
Streptococcus iniae infection, appears to have been published. However, no information is 
available on how the intestinal microflora may have been altered; only the effect on 
immune response has been investigated. They do, however, acknowledge that a detailed 
study of intestinal microbiology is necessary and that in general information pertaining to 
prebiotics in aquaculture is extremely limited. 
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CHAPTERS 
IN VIVO STUDY ON CHALLENGED FISH 
8.1 GENERAL INTRODUCTION 
Although in vitro studies can g1ve considerable indications of potential, by 
screening candidate compounds, the practical value of prebiotics to reduce the impact of 
disease on fish can only be assessed in vivo. To do this, the effect of the candidate 
prebiotic must be assessed in a controlled disease challenge. Such studies were carried out 
using the aquarium facilities at CEFAS, Weymouth, with established challenge protocols. 
Challenges are available against a wide range of diseases and host species. Initial 
studies on the gut microflora were carried out in rainbow trout; therefore this was used as a 
host species. Of the bacterial diseases of rainbow trout, the best understood are 
furunculosis (Aeromonas salmonicida) and enteric redmouth (ERM) disease (Yersinia 
ruckeri). Of the established challenges, the most reliable cohabitation challenge used in-
house was that using Yersinia ruckeri, the causative agent of enteric redmouth (ERM) 
disease (Pers. Comm., D. J. Alderman). To investigate the possible effect of prebiotics, 
where effects may be limited or subtle, a natural route challenge, i.e. bath or cohabitation, 
is the most appropriate. As discussed previously in the general introduction (section 
1.8.2), most challenge studies to date have been either bath or cohabitation. Therefore, a 
cohabitation Yersinia ruckeri challenge of rainbow trout was employed. 
The present cohabitation challenge involved the intraperitoneal (ip) injection of a 
number of fish, which were then added group of test fish (cohabitants) at the start of the 
challenge period. The injection challenged fish develop the disease and shed bacteria into 
the water. Cohabitants then become infected naturally, similar as might be expected to 
occur on a farm. 
Initial in vivo studies (chapter 7) focussed on dose titration studies to assess the 
minimum concentration of a prebiotic (inulin and lac tu lose) that would have an effect on 
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the intestinal microflora of rainbow trout. Having determined the mmtmum effect 
concentration, the aim of the following challenge studies was to determine the efficacy, if 
any, of the prebiotics in vivo, using a cohabitation challenge. However, given the time 
available, only one prebiotic could be tested (inulin). Inulin was chosen for the in vivo 
challenge trials based on its apparent ability to enhance the growth of certain bacteria both 
in vitro (chapter 6) and in vivo (chapter 7). In addition, the fructooligosaccharides of the 1F 
(inulin) type have been extensively investigated as prebiotic compounds (Kritzinger et al. 
2003) and they have been shown to increase specific populations of bacteria isolated from 
the human intestine (Gibson and Roberfroid 1995; Ballongue et al. 1997). 
8.2 PRE-CHALLENGE STUDY 
8.2.1 Introduction 
As is normal good practice in any study involving a disease challenge a pre-study 
was performed. This was to confirm the virulence of the isolate to be used, confirm 
susceptibility of the fish stocks and to titrate the dose to which the injection challenged fish 
were to be exposed. 
8.2.2 Materials and Methods 
8.2.2.1 Fisll 
For the cohabitation pre-challenge, six groups of 15 rainbow trout (between I 0 and 
15g), from a stock (stock no. 383) previously determined to be free of Yersinia ruckeri 
were transferred to 50 litre tanks, containing a volume of 15.5 litres water at a flow rate of 
0.12-0.2litres/min. This was approximately half the volume and flow rate as used in the 
main challenge, (section 8.3.2.1), to account for the use of 50% less fish. All fish were 
allowed to acclimatise in the experimental tanks under the conditions described for at least 
7 days before the study commenced. Fish were fed Excel 18 pellets twice a day at a rate of 
1% body weight/day. 
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8.2.2.2 Cohahitatio11 Challe11ge 
The study consisted of 6 tanks of 25 fish, subjected to an ERM cohabitation 
challenge. Groups to be challenged consisted of tanks of 15 test fish (cohabitants) to 
which 10 fish, ip injected with Yersinia ruckeri at an intended concentration of either 104, 
1 os or 106 cfu/ip-injected fish were added. The pre-challenge was carried out at three 
different doses on the basis that any prebiotic effect was not likely to be great and, 
therefore, could easily be overwhelmed with a heavy challenge. A relatively mild 
challenge was necessary and, in this case, approximately 50% control mortality was felt to 
be appropriate. Ip dose achieved was confirmed by plate counts. Mortality of ip and 
cohabitants was recorded as described in chapter 2, section 2.6.5, and survival rates 
between the groups of cohabitants, which differed by ip dose of Yersinia ruckeri, were 
compared at the end of a 21 day post-challenge observation period. 
8.2.3 Results 
Plate counts confirmed actual injection dose of 3.4 x107 cfu/ip-injected fish 
compared to an estimated 106 cfu/ip-injected fish. The cumulative mortality of the 
cohabitants (Figure 68) showed that the most appropriate dose to select for a target 
mortality of approximately 50%, at a steady rate, was an estimated dose of 1 os cfu/fish. 
8.2.4 Conclusion to Section 8.2 
The results of this pre-challenge suggested that the most appropriate dose to select 
for a mortality of 50% was an estimated dose of 1 05cfu/fish. A prebiotic supplemented 
diet would hopefully increase the resistance of cohabitant fish to infection from low levels 
of encountered bacteria, such as may be experienced on a fish farm. In addition, any 
prebiotic effect is not likely to be great. Therefore, a challenge dose intended to produce a 
mortality lower than in vaccine or pharmaceutical trial~, where 80-100% is the normal 
target, was chosen. 
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Figure 68: Cumulative mortality(%) of cohabitant rainbow trout, for Yersinia ruckeri pre-challenge, at an intended dose of 104, 105 and106 cfu/ip-
injected fish (tanks 0835 to 0840) 
8.3 CHALLENGE STUDY 
8.3.1 Introduction 
Having established challenge parameters through the above pre-challenge, the main 
challenge tested the presumed beneficial effect of inulin dietary supplementation in 
rainbow trout challenged with experimental ERM. Inulin supplemented diets were fed for 
7 days prior to challenge and for the period of the challenge. Four supplement levels (0, 
10, 50 and 1 OOmg!Kg Excel 18) were tested. 
8.3.2 Materials and Methods 
8.3.2.1 Fish 
Twelve groups of rainbow trout (between 10 and 15g), from a stock (stock no. 383) 
previously determined to be free of Yersinia ruckeri were transferred to 50 litre tanks, 
containing a volume of 39.5 litres water at a flow rate of 0.3-0.5 litres/min (eight groups of 
30 fish (test prebiotic and positive controls) and four groups of 50 fish (negative controls)). 
All fish were allowed to acclimatise in the experimental tanks under the conditions 
described for at least 7 days before commencing to feed the inulin supplemented diet. Fish 
were fed Excel 18 pellets twice a day at a rate of 1% body weight/day during acclimation. 
8.3.2.2 Experimental diets 
The fish were fed the experimental diets listed in Table 37 for 7 days prior to and 
during the cohabitation challenge study (28 days total) at one of 4 doses (0, 10, 50 or 
1 OOmg inulin/Kg feed) at a feeding of 1% body weight per day. 
All experimental feeds were prepared at the CEFAS Weymouth Laboratory. The 
dietary supplement (inulin) was evenly coated onto pellets of Excel 18 (Trouw, U.K.) and 
were followed by a coating of pure vegetable oil (Asda , U.K.) at 25ml/Kg feed, as 
described in chapter 7, section 7.2.2.2). Experimental diets were stored at +4°C prior to 
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use. Control diet consisted of Excel 18 pellets coated in vegetable oil. The characteristic 
of each feed is summarised in Appendix 5 (section 8). 
8.3.1.3 Cohabitation challenge 
The study consisted of 12 groups of 50 fish, 8 submitted to an ERM cohabitation 
challenge, and 4 negative control groups. Groups to be challenged consisted of tanks of30 
test fish (cohabitants) to which 20 fish, ip injected with O.lml Yersinia mckeri suspension 
(chapter 2, section 2.6.3) at an estimated concentration of 105 cfulip-injected fish, were 
added. Ip dose was confirmed by plate counts. Unchallenged groups (negative controls) 
consisted of groups of 30 test fish to which 20 fish, ip injected with sterile PBSa, were 
added. Ip injected fish had their tails clipped for identification purposes. Table 38 
summarises the challenge study. Mortality of ip and cohabitants was recorded, as 
described in chapter 2, section 2.6.6, and survival rates compared between the groups of 
cohabitants at the end of a 21 day post-challenge observation period. 
Dead cohabitants (unclipped) were sampled and their kidneys swabbed onto TSA 
and ROD plates. Plates were incubated at 22°C and observed for 72h for the growth 
Yersinia ruckeri. Preliminary identification of Yersinia mckeri was based on colony 
morphology and the production of a yellow precipitate on ROD. The identity of the isolate 
was confirmed on 10% of the positive plated fish, using bacteriological tests. These fish 
were randomly selected and the plates kept at 4°C until the tests were carried out. 
8.3.2.4 Carrier state investigations 
At the end of the 21 days post-challenge observation period, the survivors of each 
of the challenged groups were sacrificed using an overdose of anaesthetic and their kidney 
swabbed onto ROD before bacteriological investigations, to determine if carrier state 
existed. 
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8.3.2.5 Statistics 
It was intended to select a suitable level of control mortality to compare the groups 
Following the example of the European Pharmacopoeia fish vaccine monographs (for 
example, European Pharmacopoeia, 01/2005:1521) the RPS60 could be set as the point for 
comparison. In vaccine studies, tlie RPS6o is the relative percent survival (RPS) of 
'protected' stocks when 60% mortality has been reached in the positive controls. 
However, a less severe. mortality was envisaged and a control mortality figure would be 
selected, at which point the groups would be compared, after mortality data was obtained. 
The Ch? test (Pagano and Gauvreau 1993) was used to determine the significance of 
differences between doses at this chosen level. Differences were considered significant at 
P<0.05 (5%). 
Table 37: Summary of cohabitation challenge of rainbow trout, fed modified diets 
(0, I 0, 50 and I OOmg inulin/ Kg feed), with Yersinia mckeri. 
Tank Fish Inulin Inulin Challenge 
Supplementation Dose 
(mglkg) 
11-20 
30+20ip Yes 10 Yes 
11-21 
11-22 
30+20ip Yes 50 Yes 
11-23 
11-24 
30+20ip Yes 100 Yes 
11-25 
11-28 0 
30+20ip No Yes 
11-29 (Positive control) 
11-26 100 
50 Yes No 
11-27 (Negative control) 
11-18 0 
50 No No 
11-19 (Negative control) 
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8.3.3 Results 
8.3.3.1 Cohabitation Challenge 
Plate counts confirmed an actual an injection dose of 3.4 x 105 cfu/ip-injected fish. 
Results were expressed graphically in Figure 69 and relative percent survival values are 
given in Figure 70. Although the cumulative mortality of groups fed the inulin 
supplemented diets showed little difference to that of the controls at day 28 post-challenge, 
all of the inulin treated groups had lower mortality rates than the positive controls up to 
day24. 
Colonies of Yersinia ruckeri were isolated from all dead cohabitants, confirming 
the cause of specific mortality. No palatability problems were encountered with the 
modified diets. 
8.3.3.2 Carrier state investigations 
Yersinia ruckeri was isolated from greater than 99% of fish sampled at the end of 
the challenge period. 
8.3.3.3 Statistics 
Challenge outtum was heavier than the target Figure. From an analysis of the 
graphical presentation of the results a number of points on the mortality curve could be 
selected for comparison. Using the vaccine monograph approach gives the RPS60 values 
presented in Table 39. However, the groups show greatest separation at RPS55 (Table 39). 
The significance of differences between doses at RPS60 was determined by the Chi2 test 
(Table 39). 
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Table 38: Statistical data, following cohabitation challenge with Yersinia ruckeri, 
for rainbow trout fed modified diets (10, 50 and lOOmg inulin/ Kg feed) 
Inulin RPS6o RPSss 
Dose RPS60 Chi2 Significant? RPSss Chi2 Significant? 
(mg/kg) 
lOO 25 4.51 Yes 47 11.53 Yes 
50 4 0.08 No 22 2.88 No 
10 20 2.9 No 27 4.51 Yes 
For df = l; Chi2 = 3.84 for a probability of 5% 
8.3.4 Conclusion to Section 8.3 
The results illustrate that under laboratory challenge conditions the inclusion of 
inulin in diets had no positive effect on the final mortality outcome. However, there is 
evidence in a delay in the onset and rate of mortality (approximately up to day 20). To 
compare the differences in mortality rates, comparison needed to be made at a fixed point 
and it seemed appropriate to take the vaccine monograph approach. 
A specific mortality of 68% was reached in the positive controls; the intended 
control mortality had been 50%. This could be regarded as rather aggressive for the 
investigation ofprebiotic supplemented diets, where one is looking for subtle effects. This 
was despite preliminary challenge studies (section 8.2.2.3) to select a suitable dose 
(I 05cfu/ip injected fish resulted in a final specific mortality of 47%). However, it has been 
acknowledged that the establishment of challenge levels is notoriously difficult (Pers. 
Comm. D. J. Alderman). In addition, there is no special significance to RPS6o values in the 
context of prebiotics and, therefore, examining RPS at 55% (RPSss) of the control 
mortality can be justified. Fish fed the highest level of inulin also had the highest RPS 
values, and an RPS55 of 47%. Statistical analysis of RPS60 data showed that differences 
between the controls and fish fed a diet supplemented with lOOmg inulin /Kg pellet feed 
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Figure 70: Relative Percent Survival (RPS) of rainbow trout fed modified diets (0, 10, 50 and lOOmg inulin/ Kg feed) following challenge with 
Yersinia ruckeri. 
were significant. Analysis of RPS55 data showed that differences were significant in fish 
fed a diet supplemented with both 1 00 and 1 Omg inulin /Kg pellet feed. These results 
suggest that inulin can improve the survival of fish coming into contact with the pathogen 
Yersinia nlckeri in the short term Although a delayed mortality was detected, various 
factors can affect the outcome even with a short loading period. Therefore, it would be 
sensible to test a prolonged loading dose and a lower challenge pressure. 
8.4 GENERAL DISCUSSION 
These studies have shown that prebiotic compounds have the potential to make a 
positive difference in the progress of disease when administered through diet. Results 
gained so far clearly show that it is a concept worthy of further investigation. For example, 
a cohabitation challenge was ch~sen to best replicate the transmission of the pathogen 
under farm conditions, but although relatively sophisticated the outcome is still severe 
compared to what occurs in the natural fish farm environment. Therefore, it is reasonable 
to suggest that under farm conditions, or with a less severe laboratory challenge, and 
following the results obtained in the first two thirds of the main challenge study, an inulin 
supplemented diet may have been even more effective. Gildberg and Mikkelson (1998) 
achieved similar results during their investigations into the effects of supplementing feed 
for Atlantic cod fry with lactic acid bacteria and immuno-stirnulating peptides, during a 
challenge trial with Vibrio anguillarom. The authors found a significant reduction in 
mortality up to day 12, in groups fed a modified diet, but 4 weeks after infection 
cumulative mortality was the same for all groups. They also suggest that the modified diet 
could not offer protection to fish fry exposed to high levels of highly virulent pathogens, 
but may be of benefit to fish kept under normal rearing conditions, with moderate levels of 
opportunistic bacteria. When the present study was being designed, there had been no 
laboratory trials to investigate the efficacy of prebiotics in fish. Indeed, in late 2004 only 
one paper on this subject had been published where hybrid striped bass were fed a diet 
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containing a mixture of dietary brewers yeast and a commercial prebiotic and exposed to 
Streptococcus iniae via a bath challenge (Li and Gatlin ill 2004). A control mortality of 
50% was achieved and survival after challenge was significantly higher in fish fed the 
modified diet. 
Further challenge studies usmg alternative prebiotic candidates and alternative 
challenge organisms would further the research and might eventually lead to the discovery 
a patentable product of interest to feed manufacturers. Control groups on antibiotic 
medicated feed would give an excellent comparison of treatments. Of particular interest 
would be a prebiotic supplemented feed that could reduce the susceptibility of fish to 
rainbow trout fry syndrome (RTFS), caused by contact with the bacterium Flavobacterium 
psychrophilum, a particular problem for fish farmers in the U.K, especially as fry are 
difficult to vaccinate. It would also be of interest to carry out additional trials with groups 
of fish that are subject to acute stress (such as fish undergoing handling or grading that 
might occur on a fish farm) to determine whether prebiotics could reduce susceptibility to 
disease under those conditions. In addition, now that challenge methods are up and 
running, an independent assessment of the efficacy of prebiotic/probiotic products 
manufactured by commercial companies can be carried out. 
Finally, the next step in understanding the role of the intestinal microflora in fish 
health would be to establish the balance of bacterial populations for all groups of study 
fish, including controls, under these challenge conditions. This was not carried out during 
this study; however, samples were stored at -20"C and could potentially be analysed in the 
future. If further challenge studies are carried out, demonstrating high mortality/resistance 
to disease, then the intestinal microflora of these fish especially should be determined to 
give an insight into the mechanisms at work. 
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CHAPTER9 
CONCLUSIONS 
The project presented in this thesis has two major linked themes. The first is an 
attempt to understand the nature of the intestinal micro flora and the second, to investigate 
the ability ofprebiotics to modify that microflora in a way that is of benefit to the host. As 
designed the project was wide ranging and demanding in time and effort. This inevitably 
meant that to reach all targets specified in the original project description, some could only 
be dealt with in a preliminary way. Methods were developed, validated and selected and 
then applied in preliminary approaches to the investigation of the gut microflora and the 
potential application of prebiotics. The overall aim was to develop and validate methods to 
establish the potential use of prebiotics to improve fish health and to gain some 
understanding of the mode(s) of action. 
An examination of the limited literature available on fish gut flora led to the 
conclusion that, for many investigators at least, selection of media, methods, sampling 
procedures and sample sites had been carried out in a fairly arbitrary way. Therefore, the 
present study opened with a series of preliminary investigations to determine conditions 
and methods to optimise recovery of gut microorganisms. A detailed validated procedure 
was developed defining methods for sampling and processing .fish intestine to determine 
the microflora in a uniform and repeatable manner. 
Initially, studies were carried out on rainbow trout reared from eggs and kept in the 
aquarium facilities at CEFAS, Weymouth. Despite having been reared under pathogen 
free conditions, the intestinal microflora of the fish was found to be similar to that 
previously reported from farmed rainbow trout (Nieto et al. 1984; Austin and Al-Zahrani 
1988; Starliper et al. 1992; Gonza!ez et al. 1999; Spanggaard et al. 2000; Huber et al. 
2004). The sheer scale of the data that is obtained from a detailed investigation of the 
microflora of one animal is such that only limited numbers of fish were examined. In 
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comparison, the intestinal microflora of escapee rainbow trout from a fish farm was also 
investigated to identify differences that may have resulted from a natural, rather than a 
commercial pellet diet and from differences in environment and stress levels. Not 
unexpectedly, in comparison with the laboratory-raised fish, the intestinal flora of these 
feral fish was found to be highly diverse and, although similar bacterial species to those 
isolated from laboratory-raised fish may have been present, it was impractical to pursue 
this in detai I. 
The identification of the intestinal micro flora of rainbow trout was achieved using 
both bacteriological (culture) and molecular (culture-independent) techniques. The use of 
two parallel methods on the same samples significantly improved the reliability of the 
results obtained. To determine bacterial communities reliably, knowing that culture 
techniques may only recover some components and identify these in part, two molecular 
methods were investigated; Restriction Fragment Length Polymorphism (RFLP) analysis 
and Terminal Restriction Fragment Length Polymorphism (tRFLP) analysis. Although 
tRFLP had previously been applied to study microbial community structure and dynamics 
in the human and animal intestine (Khan et al. 2001) and in environmental samples 
(Clement et al. 1998; Osbom et al. 2000) the technique had not previously been used to 
determine the intestinal microtlora of fish. 
The second major theme of the project was to determine the effect of candidate 
prebiotics on the intestinal isolates. Once candidate prebiotics, shown to have an effect on 
the growth of bacteria in vitro, were identified, a simple preliminary in vivo study was 
conducted. It was presumed from the start that a prebiotic would encourage the growth of 
beneficial bacteria to either produce metabolites beneficial to the immune system or inhibit 
the growth of pathogens. However, the fact that some compounds also appeared to have a 
direct in vitro inhibitory effect on the pathogens is in itself a matter of considerable interest 
and worthy of further investigation. Such an inhibitory effect shows a different, yet 
beneficial, mode of action to those previously described. It was realised that inhibition of 
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one pathogen did not mean inhibition of all and for future work it will be important to 
show that candidate prebiotics will not, in addition, inadvertently promote the growth of 
other pathogens. 
The initial in vivo studies were carried out to examine the effect that prebiotics 
might have on the intestinal microflora. tRFLP and RFLP analysis was used to determine 
whether any major shifts in bacterial community structure occurred following the addition 
of prebiotic compounds to the fish diet. tRFLP analysis is rapid, semi-quantitative and 
lends itself to the comparison of large sample numbers. Therefore, it lends itself to the 
investigation of dominant bacterial groups (genus and possibly species level), population 
dynamics and mechanisms of infection. In combination with the RFLP analysis of cloned 
bacterial DNA and the subsequent sequencing of representative groups, taxonomic data 
can be obtained and non-culturable bacteria investigated. Results from these studies 
revealed an increase in the numbers of Aeromonas sobria in fish fed an inulin-
supplemented diet, of particular interest considering that this organism is considered by 
certain research groups to be the most successful fish probiotic (B. Austin, Pers. Comm.). 
The presence of Clostridium gasigenes was also established. This organism was not 
culturable using the range of media and conditions selected for these studies. 
The only meaningful way of determining whether a prebiotic supplemented diet 
can offer health benefits is through challenge studies. Therefore, the next step was to 
determine whether these changes to the microflora could affect the susceptibility of 
rainbow trout to disease. In vivo challenge studies were carried out which suggested that 
the use of inulin as a prebiotic did result in a slight delay in mortality. It should be 
emphasised that a prebiotic effect may be expected to be subtle and therefore although 
quite limited, an indication of a slight effect may be of considerable significance. 
However, the trials reported here were preliminary and it is important that these results are 
interpreted in this light. Considerable further investigation will be required to understand 
what, if anything, this effect may be and whether it can be improved or potentiated. In the 
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first instance, a lower challenge pressure (e.g. 30% mortality) could be employed. Despite 
the limitations of these initial results, they do confirm that prebiotic compounds have the 
potential to make a positive difference in the progress of disease, when administered 
through diet. 
There are relatively few studies in the literature describing the use of prebiotics to 
improve fish health. Although a Scirus (Eisevier Science, scientific information search 
engine, http://www.scirus.com) interne! search of the word 'prebiotic' yielded 2346 studies 
from journals (81h March 2005), adding the word 'fish' (NOT Fluorescent In Situ 
Hybridisation (FISH)) reduced this to 69 and 'prebiotic + aquaculture' reported 5 studies 
of relevance. In 1999, Ringa and Olsen suggested that 'greater attention should be given 
to the subject of how to increase the level of intestinal Carnobacteria which are able to 
inhibit growth of fish pathogens by dietary manipulation' following a study into the effect 
of diet on the aerobic bacterial flora associated with the intestine of Arctic charr. Since 
then, few new studies have been published. Li and Gatlin (2004) found an enhanced 
growth perfom1ance in fish fed diets supplemented with the commercial prebiotic 
Grobiotic TM AE and enhanced survival following exposure to Streptococcus iniae was 
recorded. Whilst interesting results were obtained, leading the authors to protect any 
commercial interests, the publishing of data from the use of proprietary preparations where 
the product details are not published is, unfortunately, of no use to researchers who may 
want to examine the claims by repeating the work. 
This lack of data may explain why commercially, there are few feed companies 
incorporating prebiotics into their manufactured diets. WPK Aquafeeds (Pty) Ltd. include 
prebiotics [Mannanoligosachharides (MOS)] in their entire fish food product range (Nutrex 
Aquanutro), which includes trout and ornamental diets. Commercial probiotics are more 
widespread, most marketed in a liquid format to be added to pondwater such as, Pro-Gold 
Excel™ (Aquameds), Super NB (CP Aquaculture (India) Private Ltd.) PBL-44 (Eco-
Formula Ltd.) and Probiotel (Kurios). WPK Aquafeeds (Pty) Ltd. incorporate probiotic 
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bacteria into their manufactured diets, Nutrex Aquanutro. These products are aimed 
mainly at the ornamental companion fish market and a search of the literature supplied by 
the major commercial feed manufacturers does not reveal any claims for prebiotics or 
probiotics in their diets. There appears to be no scientific evidence that supports the claims 
of the available products and without such studies, such claims cannot be assessed. Whilst 
properly designed studies into such products could be of interest, it is also questionable 
whether such products could support the cost of such studies. This may partly be 
attributable to the fact that any claims may be regarded as medicinal claims, for which in 
the European Union (EU) a Marketing Authorization application would be necessary for 
any product, under the veterinary medicine directive (Directive 2001/82/EC, 2001). Until 
recently, feed additives were less controlled and directed towards animals, but the recent 
imposition of new feed additive regulations (Regulation 183112003, 2003) and residues 
directive means that claims for such products, in Europe, may become increasingly 
difficult. 
In comparison, investigations into the use of probiotic supplemented fish diets have 
developed significantly over the last few years. This is despite the apparent advantages 
prebiotics have over probiotic bacteria in the modification of the fish intestinal micro flora. 
As discussed previously, the public and authorities may more readily accept the addition of 
small amounts of nutrients to feed than the addition of large numbers of bacteria into the 
environment. However, some practical advantages are also reported (Crittenden 1999). In 
order to increase the numbers of beneficial bacteria in the lower intestine the ingested 
bacteria must first survive passage through the stomach at low pH, limiting the range of 
bacteria that could be used or requiring the use of an effective transport system. They must 
then adapt quickly to a new environment, competing for nutrients and colonisation sites 
against an established microflora. On the other hand, prebiotics target an established 
micro flora and have the potential to increase not only the numbers of beneficial bacteria 
but also their metabolic activity by providing a fermentable substrate (Crittenden 1999). 
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Gibson and Roberfroid (1995) suggested that prebiotics and probiotics could be used in 
synergy and proposed the term 'synbiotics' for these products. 
The published literature at commencement of this project has been discussed 
previously. During the period of the project a number of interesting studies have appeared 
(Palframan et al. 2003; Ringo et al. 2003; Rinkinen et al. 2003; Li and Gatlin 2004; Vine 
et al. 2004b; Vulevic et al. 2004). Whilst most studies on the fish intestine have 
concentrated on bacteria present in the gut contents only, a few have considered bacteria 
attached to the gut epithelium. Intestinal content is of general interest, however, when 
pursuing an investigation whose final intention is to examine the interaction of prebiotics, 
the intestinal micro flora and disease, the surface micro flora of the gut epithelium is most 
relevant and the micro flora of the contents is of marginal importance. Previous published 
work on the micro flora of fish intestinal epithelial surfaces alone is limited (Austin and AI-
Zahrani 1988; Onarheim and Raa 1990). Ringo et al. 2003 summarises the information 
available on gut-associated bacteria in fish as demonstrated by both scanning and 
transmission electron microscopy; in some previous reports, scanning electron microscopy 
of epithelial surfaces has found few bacteria adhering to surfaces (Hansen et al. 1992; 
Austin and Al-Zahrani 1988). However, this could possibly be an artefact of sample 
preparation. Other studies have confirmed the potential for bacteria to adhere to fish 
intestinal mucus and to epithelial surfaces (Rinkinen et al. 2003; Vine et al. 2004b). These 
studies highlight the relevance of adhesion in respect to the establishment of a gut 
microflora. Trust et al. (1979) previously suggested that anaerobic populations might not 
establish in the gut of rainbow trout given that they may not grow fast enough to 
compensate for the short passage time of the gut at normal cultivation temperatures. 
However, attachment to epithelial surfaces and mucus may prevent them being flushed out 
by the movement of food through the digestive tract (Vine et al. 2004b ). 
Since the research phase of this project was completed two very interesting papers 
have been published describing a recently developed quantitative tool for the comparison 
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of prebiotic effect between candidate compounds in humans (Palframan et al. 2003; 
Vulevic et al. 2004). A simple equation calculates a score referred to as the 'Prebiotic 
Index' (PI), which takes account of changes to microbial populations. It assumes that 
increases in Bifidobacteria and Lactobacilli are a positive effect and increases in Clostridia 
and Bacteroides are a negative effect. These of course are the major bacterial populations 
found in the human intestine. However, the method has the potential to be adapted to 
include populations of bacteria found in the fish gut. Palframan et al. (2003) compared the 
PI to the previous conclusions of qualitative studies, and found general agreement. 
Palframan et al. (2003) also accept that the equation is rather simplified and suggest that as 
knowledge develops other factors could be added including, for instance, more bacterial 
groups or bacterial metabolites, where necessary. Indeed, Vulevic et al. (2004) went on to 
further develop the equation to take into account more bacterial groups, fermentation end 
products, such as short chain fatty acids, and substrate. They termed this the measure of 
the prebiotic effect (MPE), aimed at comparing the fermentation profiles of prebiotics 
rather than assess their health promoting properties. 
Finally, apart from the main aims of the project, which were to get a better 
understanding of the potential for the use of prebiotics in fish, this project has yielded a 
number of more widely applicable procedures. So far, these include the generation of an 
in-house sequence database. Initial BLAST searches on public databases for 16S rRNA 
sequences highlighted a lack of data for bacterial fish pathogens, in particular. It is likely 
that these bacteria can only be identified down to generic level using 16S rRNA. 
However, using this technique in combination with biochemical methods improves the 
reliability of identifications. 16S rRNA sequence data and corresponding biochemical data 
generated as part of this study, combined with sequence data from other projects at 
CEFAS, Weymouth, is now being used to generate a bacterial species 16s rRNA database, 
which is developing into a valuable source of diagnostic information. In addition, 
following the validation of the BiOLOG system, further research projects are in progress 
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comparing results with those obtained using other biochemical tests such as API strips 
(Biomerieux), adding further strength to identifications obtained in the diagnostic 
bacteriology laboratory. 
To summarise, this study into the application of prebiotics to improve fish health has 
provided, 
1) a greater understanding of the intestinal microflora of rainbow trout, 
2) up to date molecular methods for bacterial· identification and microbial community 
analysis, 
3) information on the influence ofprebiotics on bacterial composition, 
4) promising results following challenge studies as to the potential efficacy and ability of 
prebiotics to reduce disease. 
More specifically, 
1) the intestinal microflora of rainbow trout has been investigated using traditional and 
molecular based methods. Three species of bacteria were found to dominate in the 1ower 
intestine of laboratory-raised rainbow trout- Aeromonas sobria, Carnobacterium piscicola 
and Clostridium gasigenes. 
2) Molecular methods have been optimised for use in-house - 16S sequencing, RFLP and 
tRFLP. Amongst other aspects of the project, these methods are currently being prepared 
as manuscripts for peer-reviewed journals to make the information available to the fish 
health community. 
3) An in vitro model for determining the effect of probiotic candidates on bacterial 
populations has been developed. In addition, in vivo work showed that both the inulin and 
lactulose increased the growth of certain bacteria relative to others. 
4) Preliminary challenge studies to determine the susceptibility ofrainbow trout to Yersinia 
ruckeri following the feeding of an inulin-supplemented diet have shown a slight delay in 
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mortality (RPS55 of 47%). And, whilst only transient, this is a clear indication of the 
potential for prebiotic compounds to reduce the susceptibility of rainbow trout to disease. 
It is hoped that the present project has provided the footing on which various further 
studies could be placed. In brief, these include: 
• Further optirnisation of the tRFLP protocol to increase sensitivity and peak size, in 
order to obtain visible tRFLP profiles in all samples. It can then be established if 
the growth of all, or of only selected, bacterial populations are stimulated during 
treatment. 
• Completion of the validation of tRFLP analysis. Between run precision studies 
should be carried out along with precision studies to determine the efficiency of the 
extraction process. 
• Use of minimal media (such as peptone water) in future in vitro studies and a 
higher number of replicates, to obtain statistically significant results. 
Collaboration with a commercial feed manufacturing company would be 
advantageous to develop prebiotic supplemented feed. 
• Further challenge studies using lower challenge doses, in an attempt to discern 
subtle effects, alternative challenge organisms and probiotic candidates, prolonged 
prebiotic loading and the inclusion of control groups on antibiotic medicated feed. 
Trials with groups of fish subject to acute stress (such as handling or grading that 
might occur on a fish farm) to determine whether prebiotics might play a 
significant role in re-establishing the normal gut microflora as quickly as possible 
and, therefore, potentially reducing the susceptibility of the fish to disease. 
• Establishment of the fish intestinal microflora for all groups of fish, including 
controls, under under challenge conditions; the next step in understanding the role 
of the intestinal microflora in fish health. 
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• Determination of host response (e.g. growth, immune response) to the inclusion of 
prebiotics in fish diets in order to further understanding of the mode of action of 
prebiotics and determine any side effects. 
• Design of primers to specific bacteria of known interest and an accompanying PCR 
protocol. Primers designed for known probiotic bacteria would prove useful in 
screening fish from different fish farm sites to assess the feasibility of developing a 
prebiotic supplemented feed designed to stimulate these specific populations. 
• Further identification of RFLP groups to determine additional bacterial species 
present in the gut, which may only be detected using molecular methods. 
• Studies to confirm the stability of the microflora and re-establishment times, 
following a change to environmental conditions. For example, following antibiotic 
treatment the intestinal micro flora may take a considerable time to re-establish, thus 
leaving stocks more susceptible to disease. 
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APPENDIX 1: Production of specialist media and reagents 
Selective Kidney Disease Medium CSKDM) 
Formula (per litre) 
Deionised water 900ml 
Bacteriological agar (Agar no.l) Lll lO.Og 
Yeast Extract L21 O.Sg 
Tryptone·T lO.Og 
1% w/v Cyclohexamide S.Oml 
1% w/v Oxolinic acid 0.25ml 
12.5% w/v Cysteinehydrochloride 8.0ml 
1% w/v D-Cycloserine 1.25ml 
1% w/v Polymyxin B 2.5ml 
Sterile foetal calf serum lOOml 
Method 
Mix together the tryptone T, yeast extract, bacteriological agar, cyclohexamine, oxolinic 
acid and water and sterilise at 121 oc for IS min. Add the cysteinehydrochloride to the 
medium through a 0.22J.Lm filter. Add the remaining ingredients, mix and pour into 90mm 
sterile petri dishes. 
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Kidney Disease Medium Broth CKDMB) 
Formula (per litre) 
Deionised water 
Yeast Extract L21 
TryptoneT 
12.5% w/v Cysteinehydrochloride 
Sterile foetal calf serum 
Method 
800ml 
0.5g 
lO.Og 
8.0ml 
200ml 
Mix together the tryptone T, yeast extract and water. Adjust the pH to 6.5 and sterilise at. 
121 oc for 15min. Add the foetal calf serum. Add the cysteinehydrochloride to the 
medium through a 0.22~tm filter. Mix and pour into sterile bottles. 
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Modified Anacker and Ordal (RNAOA) agar 
Formula (per litre) 
River water (Chalk stream) 
Bacteriological agar (Agar no.l) Ll1 
Yeast Extract L21 
Tryptone lA2 
Sodium acetate 
Beef extract (Difco 0 126-17-0) 
Method · 
1000ml 
15.0g 
0.5g 
5.0g 
0.2g 
0.5g 
Mix together all ingredients and warm on a hotplate until dissolved. Adjust pH to 7.2. 
Sterilise at 121 oc for 15min. Pour into 90mrn sterile petri dishes. 
For RIV AOB (broth), omit Bacteriological agar (Agar no.1). Prepare as described above 
and dispense into sterile bottles. 
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Ribose Ornithine Deoxycholate (ROD) agar 
Fonnula (per litre) 
Deionised water lOOOml 
Bacteriological agar (Agar no.l) Lll 12.0g 
Yeast Extract L21 3.0g 
Ornithine 5.0g 
Ribose 3.75g 
Maltose monohydrate 7.5g 
Sodium deoxycholate l.Og 
Sodium Chloride 5.0g 
Sodium thiosulphate 6.8g 
Ammonium iron Ill citrate green 0.8g 
Phenol red 0.08g 
20% w/v Sodium dodecyl sulphate 50ml 
Method 
Mix together all ingredients, except Bacteriological agar {Agar no.l) and Sodium dodecyl 
sulphate, and warm on a hotplate until dissolved. Adjust the pH to 7.4. Add 
Bacteriological agar (Agar no.l) to a conical flask and pour in the mixed ingredients. 
Sterilise at 121 •c for l5min. Cool to 60"C in a waterbath and add the Sodium dodecyl 
sulphate to the medium through a 0.45J.Lm filter. Mix and pour into 90mm sterile petri 
dishes. 
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LB agar 
Formula (per litre) 
Deionised water 
Bacteriological agar (Agar no.1) Ll1 
Tryptone 
Yeast Extract L21 
Sodium chloride 
Method 
1000ml 
15.0g 
10.0g 
S.Og 
S.Og 
Mix together all ingredients and warm on a hotplate until dissolved. Adjust pH to 7.0. 
Dispense into bottles and sterilise at 121 oc for 15min. 
For LB broth, omit Bacteriological agar (Agar no.1 ). Prepare as described above.· 
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Production of GTE (Solution I) 
Formula (per 100ml) 
Glucose 
lM Tris, pH8.0 
0.5M EDTA, pH8.0 
Deionised water 
Method 
1.7g 
2.5ml 
2ml 
to lOOm!. 
Mix together all ingredients, dispense into glass universal tubes and sterilise at 121 •c for 
15min. Store at 4"C. 
NaOH/SDS (Solution ill 
Formula (per I Oml) 
IOMNaOH 
10% Sodium dodecyl sulphate (SDS) 
Deionised water 
Method 
200JLI 
1 OOJLI 
9.7ml 
Mix together all ingredients. Prepare immediately before use. 
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5M Potassium sulphate solution (Solution Ill) 
Glacial acetic acid 
KOH pellets 
Deionised water 
Formula (per lOOm)) 
Method 
29.5ml 
several 
to lOOm!. 
Add KOH pellets to the glacial acetic acid up to pH 4.8. Make up to lOOm! with deionised 
water. Do not autoclave. Store at room temperature. 
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APPENDIX 2: Measurement and dilution of DNA in templates from samples 
Carnobacterium piscicola, Yersinia ruckeri and Aeromonas sp. 
I 2 3 Mean 
Carnobacterium 260 -0.027 -0.026 -0.024 -0.026 
piscicola. 
0.005 -0.026 0.008 0.008 
260/280 -5.400 -3.250 -3.000 
Mean (260) x 50 (1.0260=50JLg/ml (50ng/JLI}) x 20 (dilution factor) 
-0.026 X 50 X 50 =-65JLg/m1 (-65ng/tLI) 
1 2 
Yersinia ruckeri 260 0.655 
1.029 
1.571 
0.652 
1.021 
1.566 
Aeromonas sp. 
280 
260/280 
0.653 X 50 X 50= 1633 ng/JLJ 
260 
280 
260/280 
1 
0.689 
0.392 
1.758 
2 
0.687 
0.393 
1.748 
0.687 x 50 x 50= 1718 ng!ul 
3 
0.652 
1.026 
1.574 
3 
0.685 
0.390 
1.756 
To dilute all 3 samples to 1 OOng(gl: 
Carnobacterium piscicola 
Not possible (-65ng/gl) 
Yersinia ruckeri 
100JLI of 1633ng/JLI + 153.3td H20 
(lOp.l of1633ng/p.l + 15.3p.l H20) 
Aeromonas sp. 
1 OOJ.LI of 1718ng/p.l + 161.8J.Ll H20 
(lOp.l of 1718ng/p.l + 16.2p.l H20) 
Mean 
0.653 
Mean 
0.687 
Use l.5JLI of each in a PCR reaction+ 0.5JLI H20 = 5gl template 
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APPENDIX 3: Modified (and uncontrolled) version of printed SOP 608 for Quality 
Control Procedures in Media Preparation 
Issue 1.0 
Quality Control Procedures in Media Preparation 
Introduction 
In the context of this SOP quality control is defined as the continual 
monitoring of media to ensure consistency of performance and sterility. 
Culture media may be prepared in the laboratory from the individual 
chemicals and from commercially available dehydrated powders. Where it is 
possible, dehydrated powders should be obtained from manufacturers' who 
have a quality management system certified to ISO 9000. All laboratory 
prepared media associated with microbiological test procedures should pass 
the specified quality control before use. 
Scope 
This SOP describes the quality control procedures required for all diluents, 
liquids, semi-solid and solid media other than that used for MFS, this is 
covered in Media SOP 600. 
Training 
In-house training and assessment of competence in this SOP. 
Safety Precautions 
All organisms are potentially pathogenic and should be handled in accordance 
with ACDP category 2 guidelines. Before performing this procedure staff 
should have read and understood the following risk assessments: 
Wey/Gen 2 
Wey/Gen 8 
Wey/Micro/10 
bacteria 
-20°C and 4°C walk in fridges 
Use of -70°C low temperature freezers 
Culture and handling of ACDP category 2 human 
Reforences and Associated documents 
Quality Control of Solid Culture Media: 'A comparison of the classic and the 
so-called Ecometric Technique' D. A. A. Mossel, F. V. Rossen, M. 
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Koopmans, M. Hendriks, M. Verouden, I. Eelderink. Journal of Applied 
Bacteriology 1980, 49,439-454. 
Quality Control ofpre-poured plates:- 'Ecometric Technique for 
Performance of Fertility Tests' G & M Procter Ltd. Standard Operating 
Procedure (SOP). 
Use of Culture Media Procured Ready-to-use or Partially Completed in 
Microbiological Testing (UKAS Publication ref: LAB 31. Edition I 
December 2000 pp. 1-5. 
Accreditation for Microbiological Laboratories [UKAS Publication ref: LAB 
38] Edition 1 September 2001. United Kingdom Accreditation service 
(UKAS).pp. 1-28. 
All individual Media SOP's in range 611 - 670 not covered by Media SOP 
600. 
Quality Specifications 
The quality specification is described below. 
Shelf life of the product- All commercially dehydrated powders must be 
consumed within the shell life of the product. Laboratory prepared media will 
be assigned an expiry date on preparation and be stored between 2 - 6°C. 
Storage conditions - Storage should be under appropriate conditions. The 
date of receipt, expiry date and date of opening should be recorded. 
Dehydrated powders should be stored in accordance with the manufacturer's 
instructions, e.g. cool, dry, dark and in tightly sealed containers. All 
dehydrated powders should be stored in the dark until required. 
Sampling regime/rate - All batches of media will undergo appropriate 
quality controls. A batch is defined as an individual media type (e.g. TSA) 
processed as a single unit. 
Physical characteristics - Dehydrated powders that are caked or cracked or 
show colour change should not be used. Each batch of media should undergo 
appropriate quality control relating to physical characteristics (e.g. 
appearance, final pH and final volume). 
Sterility checks - All media will be required to pass sterility checks prior to 
use. As a minimum, sterility checks will be carried out, for solid media on 1 
plates per litre and for semi-solid and liquid media on 5 ml, of any given 
batch. 
DH20- The internal conductivity of the water should be at least 5mQ. This 
standard is achieved when the green light is displayed on the Elgar unit. The 
internal conductivity meter is to be checked every six months. If a red light is 
present on the display, the cartridge should be changed. 
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Equipment 
1 Op.l sterile loop, pH meter, Sterile glassware, Refrigerator at 2 - 6°C, 
Incubator at 37±1 °C, Electronic top pan balance, Tweezers, Gloves, Working 
weights 
Microbiological Reference Cultures 
Aeromonas salmonicida salmonicida NCIMB 1102 
Listonella (Vibrio) anguillarnm NCIMB 0006 
Vibrio salmonicida NCIMB 2262 
Yersinia rnckeri NCIMB 2194 
Pseudomonas jluorescens NCIMB 9046 
Other organisms as speci tied by the customer and recorded in the QC form. 
Quality control procedures -Laboratory prepared media 
Physical characteristics: 
The following checks should be made on all batches of laboratory prepared 
media before use. The appropriate "media quality control" form should be 
completed throughout the quality control procedure. Where records are 
required they are indicated below. 
Ensure the date of preparation, requester, volume required and batch 
number is recorded on the media QC form. 
A maximum shelf life should be assigned to each new batch of media. Unless 
otherwise stated a shelf life of 6 months for plated media and a shelf life of 6 
months for slopes and semi-solid and liquid media from the date of 
preparation. (Record the shelf life and expiry date of the media on the 
container, e.g. agar plate or bottle and the QC form) 
The physical appearance should conform to the specification given in the 
SOP for the production of that media. (Record the appearance, date and 
initials of the analyst) 
Sterility testing- Place 2% or 1 plate/bottle per litre in a 30±1 oc incubator. 
Incubate for at least 48±4 hours. Examine for the presence of contamination. 
Contamination will often appear as turbidity throughout a liquid media or as 
fungal or bacterial colonies in solid or semi-solid agar. The batch can be 
passed if there is no evidence of contamination. If significant growth occurs 
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the batch must be failed. (Record the start and the end time of incubation, the 
date, the result (i.e. pass or fail) and the initials of the analyst) 
Final pH checks: 
Certain media are required at a defined final pH. This is specified in the SOP 
for the production of that media and a range in which the pH should fall 
within. The pH of each batch of media must be checked before use and is 
described below. Where records are required they are indicated below. 
Attach the selected electrode dependent on the media under test and rinse 
with de-ionised water. 
Ensure the pH meter has been calibrated before use as described in MEDIA 
SOP 603. 
For liquid media immerse both the temperature probe and the electrode at 
least 4cm into the solution. For semi-solid and solid media place the flat 
bottom electrode onto the surface of the media. For all media allow up to 2 
minutes for the electrode to stabilise. 
Ensure pH reading is within the specified range. (Record the pH value) 
Final volume checks: 
Certain media are required at a defined final volume. This is specified in the 
SOP for the production ofthat media. Volumetric testing is performed on at 
least 1 bottle of each batch of media as described below. Where records are 
required they are indicated below. 
Record the working volume being tested. Place a suitable sized container 
on the balance. Tare the container. 
Carefully dispense the total volume into the container. (Record the weight of 
dispensed media, initials of the analyst and the date) 
Microbiological Performance- All batches of laboratory prepared media are 
required to pass specified microbiological performance criteria before use. 
The specification for each media is detailed in the SOP for its production. The 
appropriate "media quality control" form should be completed throughout the 
quality control procedure. Where records are required they are indicated 
below. 
For Plated Media - Microbiological performance of solid media is carried 
out using ecometric testing. The ecometric technique as used for the fertility 
testing ofpre-poured plated culture media is based on streaking an inoculum 
to extinction. The resulting numerical values may then be used to assess the· 
performance of individual lots or form the basis of trend analysis by allowing 
comparison with previous batches of the same media. 
Record the microbiological reference organisms required for the plated media 
being tested on the QC form as specified where pertinent in the individual 
media SOP. 
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Prepare an inocululum to a density of McFarland 5 in a suitable diluent. 
(Record the date, the batch number and type of diluent, batch number of the 
reference organisms used and start time of incubation). 
Prepare one test media plate and one control media (NA) plate. If 
condensation is present on the plates when removed from the fridge, dry in a 
drying cabinet. 
Divide test plates and control plates into quarters and label as A, B, C 
and D as shown in the diagram in Appendix 3.1. (Record the batch number 
of the test and control media plates) 
At the end of incubation charge a 101t1 sterile loop with the incubated NB 
culture containing the positive microbiological control organism and 
inoculate the labelled test and control media plates, starting from Al-Bl-
CI-Cl-A2-B2-C2-D2 etc, without recharging the loop and finish at DS. 
Incubate the test and control media plates at an appropriate temperature 
for a suitable time according to organisms being used. Customer to 
specify organism and incubation temperature. (Record the temperature and 
start time incubation for the plates) 
At the end of incubation, note the last point at which continuous growth 
stops for both the test and control media plates inoculated with the 
positive microbiological control organism. This is the test end-point and 
is used to calculate the Absolute Growth Index (AGI) and the Relative 
Growth Index (RGD of the media. (Record the end time of incubation, the 
segment and line where continuous growth stops for both the test and control 
media) 
Complete the segment and line information for both the test and control 
media plates inoculated with the positive microbiological control 
organism and calculate the Absolute Growth Index (AGD from the 
information given in the Absolute growth index table below. (Calculate 
and record the AGI for both the test and control media plates) 
ABSOLUTE GROWTH INDEX TABLE :-
Al=S Bl=IO Cl=lS D1=20 
A2=25 B2=30 C2=35 D2=40 
A3=45 B3=50 C3=55 D3=60 
A4=65 B4=70 C4=75 D4=80 
A5=85 B5=90 C5=95 DS=lOO 
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RELATIVE GROWTH INDEX 
The RGI is a comparison of the perfonnance of the test media with that of the 
non-selective control media. Calculate the relative growth index (RGI) using 
the following fonnula:-
AGI test x lOO= RGI {%) 
AGI control 
(Record the RGI values for both the test and control media plates) 
A pass result is an RGI of 70% or over. (Record whether the media result 
is a PASS or FAIL and initial and date the fonn) 
For slopes, semi-solid and liquid media- Microbiological perfonnance of 
semi-solid and liquid media is carried out using growth viability criteria. 
Microbiological perfonnance testing is perfonned on a minimum of 5ml of 
each I litre batch of media. See appendix 3.2 for precise volumes. 
Record the microbiological reference organisms required for the plated media 
being tested on the QC fonn. 
Inoculate an individual5±0.2ml NB with a single colony using a lOj.!.lloop 
from a plate of suitable bacteria. 
Incubate for 4±0.5 hrs at a suitable temperature. (Record the date, the 
batch number of the NB, batch number of the reference organisms used and 
start time of incubation) 
Using a 1 Oj.!.lloop, inoculate test broth. (Record the end time of incubation 
for the nutrient broth) Incubate for a suitable time at an approriate 
temperature. 
At the end of the incubation check for the presence of growth (turbidity) 
and biochemical characteristics, where appropriate. (Record the result 
according to the specification for the media under test) 
If the microbiological performance criteria (appendix 3.3) for the media 
under test is satisfactory as defined in the relevant SOP the batch of 
media can be passed and released for use. 
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Appendix 3.1 
Template for the ecometric method 
Mark the base of the plate as shown below:-
B A 
C D 
Once the quadrants are marked, charge a 1~-tl loopful with a four hour 
broth cuture and spread the plate going from Al-Bl-Cl-Dl-A2-B2 etc .. as 
shown on the template below, without flaming or recharging the loop. 
Refer to the template after incubation to read results. 
A B 
D c 
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Appendix 3.2 
Sterility Testing 
Plates: 2% ofthe fmal volume of media is required for the purity check i.e. 
Volume of media Number of plates 
prepared needed for purity 
lLitre 1 plate 
2 Litres 2 plates 
3 Litres 3 plates 
4 Litres 4 plates 
5 Litres 5 plates 
6 Litres 6 plates 
7 Litres 7 plates 
8 Litres 8 plates 
9 Litres 9 plates 
Brotbs and Slopes: 2% of the final volume of media prepared is required for purity check 
I.e. 
Volume of Volume Volume of Volume 
media needed for media needed for 
prepared purity prepared purity 
100 ml 2ml 1 Litre 20ml 
200ml 4ml 2 Litres 40ml 
300ml 6m1 3 Litres 60ml 
400 m1 8ml 4 Litres 80ml 
500m1 10 m1 5 Litres 100 m] 
600m1 12 m1 6 Litres 120 ml 
700ml 14 m1 7 Litres 140ml 
800ml 16 ml 8 Litres 160 m1 
900ml 18 ml 9 Litres 180 m1 
lOOOml 20ml 10 Litres 200ml 
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Appendix 3.3 
Microbiological performance 
Plates: Four plates are required for microbiological performance testing. This comprises 3 
plates for positive control bacteria and 1 for negative control bacteria (or uninoculated). 
*NB Two nutrient agar plates are also required for positive control bacteria. 
Broths and Slopes: Two aliquots, each of0.5% the total volume of media prepared or Sml 
(whichever the greater), are required for microbiological performance testing. One aliquot 
is for the positive control organism and one for the negative (or uninoculated) i.e. 
Volume of Volume needed Volume needed Total volume 
media for positive for negative required for 
prepared control control microbiological 
performance 
100 ml 5 ml 5ml 10 ml 
200ml 5ml 5ml 10 ml 
300 ml 5ml 5ml 10 ml 
400ml 5 ml 5ml 10 ml 
500ml 5 ml 5 ml 10 ml 
600ml 5 ml 5 ml 10 ml 
700ml 5 ml 5ml 10 ml 
800 ml 5 ml 5ml 10 ml 
900ml 5 ml 5ml 10 ml 
IL 5 ml 5ml 10 ml 
2L 10 ml 10 ml 20ml 
3L 15 ml 15 ml 30ml 
4L 20ml 20 ml 40 ml 
5L 25 ml 25 ml 50 ml 
6L 30ml 30 m! 60ml 
7L 35 ml 35 m! 70ml 
8L 40ml 40 m! 80ml 
9L 45 m! 45 m! 90ml 
10 L 50ml 50 ml 100 ml 
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APPENDIX 4: Modified {and uncontrolled) version of printed SOP 238 for the 
terminal anaesthesia of fish 
Issue 1.0 
Tenninal anaesthesia of fish 
Introduction 
The Animals (Scientific Procedures) Act 1986 requires that all animals 
subject to scientific procedures must be killed by a method which is 
either listed is Schedule 1 of that Act or is specifically approved ih a 
Project Licence (PPL) for use on animals subjected to procedures under 
that Licence. A list of persons approved to carry out such procedures is 
kept available in the EF. 
Terminal anaesthesia is a Schedule 1 approved method for use with fish. 
Only persons on the list held in the EF may use this method (except in 
cases of animal welfare emergency). Non Personal Licence holders are 
NOT excluded from being approved users of a Schedule 1 method. 
Scope 
Describes the use of fish anaesthetics to kill fish. 
Training 
In-house training and assessment of competence in this SOP. 
Safoty Precautions 
Disposable gloves and lab coat must be worn when weighing or using 
anaesthetics. Observe standard EF safety precautions and procedures 
(SOP222). 
MS222 is slightly acidic and should not be used in soft water (below 
pH6.0) or in distilled and demineralised water. CEFAS Weymouth tank 
water is hard and it and sea water have sufficient buffering capacity that 
counteracts the acidic nature ofMS222. 
Stock solutions of benzocaine in methanol are inflammable. 
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Equipment 
Benzocaine is the anaesthetic normally used at CEFAS Weymouth to kill 
fish either to take tissue samples or to terminate fish at the end of a 
study. Benzocaine is maintained as a stock solution in methanol (it is 
poorly directly soluble in water) in the PostMortem Room of the EF at 
4% w/v. Such stock solution has a long shelflife provided it is kept 
sealed and away from strong light. 
MS222 is normally stored in its original container and kept at 4°C in the 
dark. It is very readily soluble in water. It's use is normally restricted to 
use for anaesthesia with recovery and is not considered further here, 
although if no stock solution of benzocaine is available, MS22 at 
>0.04% may be used as an effective terminal anaesthetic for fish. 
Procedure: Tenninal Anaesthesia 
1. Terminology of levels of anaesthesia in fish used at CEF AS 
Weymouth follow Brown (1993) and are given in Table I 
2. Different species and indeed different sizes and stocks of fish 
respond to different degrees to exposure to anaesthetics 
3. Add in excess of I m\ benzocaine stock solution per litre of water 
in a suitable container and net the fish to be sacrificed into the container. 
Do not terminate fish by this method in EF tanks, use bins ("Muck 
buckets"). This reduces the volume of anaesthetic needed and avoids the 
risk of subsequent disinfection of the tank producing in a difficult to 
remove orange precipitate. 
4. Swimming should cease rapidly (<2 minutes) followed by loss of 
equilibrium. After about 5 minutes gill movement will cease and there 
will be total loss of reactivity. This is defined as stage Ill plane 2 
anaesthesia. If tissue samples are required rapidly fish should then be 
removed from the anaesthetic and the brain should be destroyed before 
commencing to take tissue samples. 
5. If samples are not required the fish must then be left for a further 
5-l 0 minutes until stage IV anaesthesia occurs with medullary collapse 
followed by cardiac arrest. Note the termination of the fish on the tank 
record card and in the relevant study diary. Fish should be left in the 
anaesthetic solution for several hours or (as appropriate for the time of 
day), overnight to ensure that rigor mortis has commenced. 
6. Dispose of euthanised fish as clinical waste. 
7. MS222 and Benzocaine solutions may be disposed of through the 
E.F. effluent system. Used containers and nets should be left with E.U. 
staff for disinfection. Please bear in mind that both anaesthetics produce a 
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reddish precipitate, which is difficult to remove from container surfaces. 
Containers of anaesthetic should therefore be emptied and rinsed into the 
effluent sterilisation system and filled with new water before adding 
hypochlorite. 
Table 1 Definitions of stages and planes of anaesthesia after Brown (1 993). 
Stage 
0 
I 
I 
11 
11 
Ill 
Ill 
IV 
Plane Category Response 
Normal Normal 
I Light sedation Swimming continues, slight loss of reactivity to visual and tactile stimulus 
2 Deep sedation Swimming ceases, complete loss of reactivity to visual and tactile stimulus 
l Light narcosis Excitement phase may occur, still responds 
weakly in attempt to right itself 
2 Deep narcosis Decrease in respiratory rate, no efforts to 
right itself 
I Light Total loss of muscle tone, further decrease in 
anaesthesia respiratory rate 
2 Surgical Total loss of reactivity, very low respiratory 
anaesthesia rate 
Medullary Total loss of gill movement followed in 
collapse several minutes by cardiac arrest 
Reforences 
Brown, L.A. (1993). Anaesthesia and restraint. Chapter 6, pp 79-90 
in: Stoskopf, M.K. "Fish Medicine", WB Saunders, N.Y., 882pp. 
Ross, L.G. and Ross, B. (1999). Anaesthetic and sedative methods for 
aquatic animals. 2"d edition Blackwell, Oxford, 159pp. 
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APPENDIX 5: Study Protocol Number P0279 (in vivo challenge studies) 
udrQ:,C __ E_F_~_S 
\ _ \ The Centre for Environment, 
'-_ 1 Fisheries & Aquaculture Science 
STUDY PROTOCOL 
Effect of inulin and lactulose dietary supplementation on the 
susceptibility of Rainbow trout to challenge with Yersinia 
ruckeri 
Study Protocol Number: P0279 
TEST FACILITIES : 
STUDY MONITOR: 
STUDY SPONSOR : 
DATE: 
(NON GLP STUDY) 
CEFAS Weymouth Laboratory, Weymouth, Dorset, UK, 
DT48UB 
Tel +44 1305 206600, Fax: +44 1305 206601, 
M. Stone 
DEFRAF1144 
14/06/2005 
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PROTOCOL APPROVAL-
Effect of inulin and lactulose dietary supplementation on the 
susceptibility of Rainbow trout to challenge with Yersinia 
ruckeri 
Study Protocol Number P0279 
TEST FACILITIES QUALITY Not required 
ASSURANCE 
STUDY DIRECTOR M. Stone 
Date: 
Signature: 
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Effect of inulin and lactulose dietary supplementation on the 
susceptibility of Rainbow trout to challenge with Yersinia 
ruckeri 
P0279 
1. Study Summary 
Procedure severity: Expected severity: 
Procedure number 1 Substantial Substantial 
Effect of inulin and lactulose dietary supplementation on the susceptibility of 
Rainbow trout to challenge with Yersinia ruckeri 
Trial design: 
I. Pre-challenge trial (dose titration and virulence of Yersinia mckeri in Rainbow 
trout): 
The study will consist of 3 duplicate groups of 25 fish, from stock previously 
determined to be free of Yersinia ruckeri (10 fish terminated and kidney/spleen 
swabs performed). Following a 7 day acclimation period, duplicate groups will be 
challenged with Yersinia mckeri at three different doses (104, 10\ 106cfulfish). 
Groups will be monitored for a period of 28days, during which time mortalities will 
be noted and kidney/spleen swabs performed. If no mortality has occurred at day 21 
the trial will be ended and up to 5 remaining fish from each group will be 
terminated and kidney/spleen swabs performed. Prior to the pre-challenge study, 
the virulence of the Yersinia challenge strain will confirmed by injecting 5 fish with 
the strain at a dose of 107cfulfish and monitoring for 7 days. 
2. Cohabitation trial (susceptibility of Rainbow trout to Yersinia mckeri): 
Two studies will be conducted to assess the effect of an a) inulin, and b) lactulose 
supplemented diets on the susceptibility of Rainbow trout to challenge with 
Yersilria ruckeri. 
Each study will consist of 12 tanks of 50 fish. Following a minimum 7 day 
acclimation period, 3 duplicate groups will be fed an inulin or lactulose 
supplemented diet (3 doses to be tested for each} for 7 days prior to challenge with 
Yersinia ruckeri (30 test fish, 20 fish intra-peritoneally injected with Yersinia 
ruckeri ), for 21 days. 
The following controls will be included: 
• Negative control - two groups, unchallenged fed a normal diet of XL 18 + 
oil 
• Challenge control - two groups challenged and fed a normal diet of XL 18 
+oil 
• Prebiotic control - two groups unchallenged fed a diet supplemented with 
the highest dose of inulin or lactulose. 
Species: 
Rainbow trout 
( Oncorhynchus 
mykiss) 
Study 
protocol: 
P0279 
Study 
reference: 
E03022 
xperimental facilities: Small size tanks - freshwater to be supplied at 15 +/- I oc with an appropriate flow rate -
h-da le th. 
XL 18 and XL 18 + oil see text for details 
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Parameters observed: Statistical analysis 
Pre challenge: (tick as appropriate) 
Stocks proven free from Yersinia 111ckeri Yes (X)No () 
Up to 5 remaining fish per group sacrificed and bacteriology carried out (swab 
spleen/kidney onto ROD, examination of intestinal microflora) 
Challenge: 
Post challenge morbidity and mortality rates 
Post mortem examination and bacteriology on fish in tanks showing high mortality or 
resistance to disease (swab spleen/kidney onto ROD, examination of intestinal microflora) 
I Com~liance with GLP (tick as aEEWEriate): Yes ( ) No ( ) Not reguired (-./) I 
2. Justification and objectives: 
Prebiotics, such as lactulose and inulin, are defined as non-digestible dietary supplements able to 
modifY the intestinal microflora. They can selectively stimulate the growth and/or metabolic activity 
of beneficial bacteria, already established in the intestine, and suppress the growth of potentially 
deleterious ones. The use of prebiotics to improve human health has been well documented and 
using the same philosophy, we are currently assessing the potential of prebiotics to improve fish 
health. 
The dominant intestinal microflora of rainbow trout has been determined in previous studies using 
both bacteriological and molecular techniques. Dominant isolates have been tested for their ability 
to be stimulated by lactulose and inulin in a series of in vitro growth curve studies. Isolates were 
also tested for their ability to produce antimicrobial substances. However, the intestine is a complex 
environment, where micro-organisms are likely to interact, therefore, to gain a more representative 
insight into the ability of certain bacteria to be selectively stimulated, in vivo testing is necessary. 
Preliminary dose titration studies have been carried out to determine I) the palatability of prebiotic 
diets, 2) length of time on diet necessary to change the microflora, 3) length of trial and sampling 
periods required to successfully monitor the effect of a modified diet. Fish were fed modified diets 
and the intestinal micro flora determined over a period of two weeks. Fish fed a normal diet acted as 
a control and all fish were tested on day 0 prior to the start of the study to determine a baseline. Data 
obtained from a first set of studies showed that inulin had a stimulating effect on a species of 
Aeromonas present in the intestine. Further studies provided no conclusive results. The only 
meaningful way of determining whether a prebiotic supplemented diet can offer health benefits is 
through challenge studies. 
To investigate the effect of prebiotics on disease susceptibility the present study will test the 
beneficial effect of a) inulin and, b) lactulose dietary supplementation in Rainbow trout challenged 
with experimental ERM over 2 separate studies. Supplemented diets will be fed for 7 days prior to 
challenge and for the period of the challenge. Four supplement levels (0, 10, 50 and IOOmg!Kg 
XL18) will be tested and the intestinal microflora of fish showing high mortality/resistance to 
disease will be determined. 
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Justification of fish numbers: 
1. Pre-challenge trial. In the first instance, 1 0 fish will be sacrificed using an overdose of 
anaesthetic and kidney/spleen swabs performed to check stocks are free from Yersinia 
ruckeri. The pre-challenge will determine whether Rainbow trout stock are susceptible to 
Yersinia ruckeri and the dose required to cause mortality. The pre-challenge is necessary as 
different fish stocks present different levels of susceptibility to ERM and we will need to vary 
the challenge dose accordingly. It is expected that no more than 165 fish will be used in the 
pre-studies. 
2. The main studies will consist of 6 groups of duplicate tanks containing 50 rainbow trout each, 
for each dietary supplement tested. Groups to be challenged will consist of tanks of 30 test 
fish to which 20 fish, intra-peritonially injected with Yersinia ruckeri, will be added. 
Unchallenged groups will consist of tanks of 30 test fish to which 20 fish, intra-peritonially 
injected with sterile PBSa, will be added. This results in 600 fish being used to test each 
dietary supplement - a total of 1200 fish. 
3. Summary of study design 
Pre-study 
Assessing the ERM susceptibility of trout stock 383 by pre-challenge 
In the first instance, l 0 fish will be sacrificed using an overdose of anaesthetic and kidney/spleen 
swabs performed to check stocks are free from Yersinia ruckeri. The pre-challenge will 
determine whether Rainbow trout stock are susceptible to Yersinia ruckeri and the dose required 
to cause mortality. ln the first instance, the virulence of the Yersinia challenge strain will be 
confirmed by injecting 5 fish with the strain at a dose of I 07 cfulfish and monitoring for 7 days. 
During this time mortalities will be noted and kidney/spleen swabs performed. The main part of 
the pre-challenge study will involve 150 fish in total (6 tanks of25 fish) to test 3 doses of the 
challenge strain. Following challenge,. groups will be monitored for a period of28days, during 
which time mortalities will be noted and kidney/spleen swabs performed. If no mortality has 
occurred at day 21 the trial will be ended and up to 5 remaining fish from each group will be 
terminated and kidney/spleen swabs performed. At the end of the study, all remaining fish will be 
terminated. NB Flow rate and volume of tank half that required for challenge. 
Mai11 study 
Cohabitation challenge 
The objective of the study is to test the beneficial effect of feeding either inulin or lactulose 
supplemented diets for a period of 7 days at 4 dietary levels (0, 1 0, 50 and 1 00 mglkg dry feed) 
prior to and during exposure to an ERM cohabitation challenge. 
The study will consist of 12 tanks of 50 fish, 8 of these being submitted to an ERM cohabitation 
challenge. A maximum of 1200 fish will be used in this experiment. Any mortality will be 
recorded and the effect of inulin/lactulose dietary supplementation on the disease susceptibility of 
the fish will be assessed by comparison of survival rates between the groups at the end of a 21 day 
post-challenge observation period. In addition, the intestinal microflora of fish showing high 
mortality/resistance to disease will be determined to give an insight into the mechanisms at work. 
At the end of the study, all remaining fish will be terminated. 
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Tank Groups Level of Inulin/ Challenge Feeding of No. of 
Lactulose (DO) diets prior to replicates 
challenge 
supplementation (days) 
(mglkg) 
11-20 Feed 10 10 Yes 7 2 
&11-21 
11-22 Feed SO so Yes 7 2 
&11-23 
11-24 Feed 100 100 Yes 7 2 
&11-2S 
11-28 Positive 0 Yes 7 2 
&11-29 challenge 
control 
11-26 Prebiotic lOO No 7 2 
&11-27 (lOO) 
control 
11-18 Negative 0 No 7 2 
&11-19 control 
4. Schedule 
Pre-study: testing ERM Week 17 to 22 
susceptibility 
Acclimation start Week 22 
Experimental feeding start Week 23 
ERM challenge (=DO) Week 24 
Post challenge observations DO to 020 
5. Study Number: TBA 
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6. Test System : Animals 
Species 
Rainbow trout (Oncorhynchus mykiss) 
Justification of species 
Susceptible species readily available from source with complete disease history 
Sex 
All female 
Body Weigllt 
Approx. 13.5-15 g (to be measured and recorded at start of study) 
Number 
600 (12 tanks x 50 fish) per supplement= 1200 
Source 
Allenbrook, UK, stock number 383 
7. Test System: Experimental Facility 
Tanks 
The fish will be maintained in small size tanks filled with fresh water (Aquarium facilities room 
number TBA, CEFAS Weymouth Laboratory, Weymouth, Dorset). The exact volume of the each 
tank will be measured and recorded in the study diary. 
Water supply and control 
Tank water will be supplied at 15+/-1 °C with an appropriate flow rate (TBA later). Water 
temperatures will be controlled and recorded through the experimental period. The source of the 
water will be the laboratory's potable water supply. That supply is taken from chalk and 
limestone boreholes approximately 10 km from the laboratory and is representative of the water 
used by the majority of faims in southern England. 
Ligllti11g 
A 12h-day length, 30-min dusk/dawn will be provided with day illumination set to provide 
appropriate light at the water surface. The light levels at the water surface will be measured and 
recorded in the study diary. 
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Feedi11g 
The fish will be fed the experimental diets listed in section 8 for 7 days prior to and during the 
cohabitation challenge study (28days total) as detailed above, at an appropriate feeding rate (to be 
recorded in the study diary). 
Acclimati011 
All fish will be allowed to acclimatise in the experimental tanks under the conditions described 
for at least 7 days before the study commences. 
A sample of fish will be weighed during transfer to the experimental tanks and the average 
weight will be recorded in the study diary. 
8. Experimental Diets 
All experimental feeds will prepared at the CEFAS Weymouth Laboratory. Dietary supplements 
(inulin or lactulose) will be evenly coated onto pellets of XL18 and will be followed by a coating 
of vegetable oil. Experimental diets will be stored at +4°C prior to use. Normal diet will consist 
ofXL18 coated in vegetable oil. The following table summarises the characteristic of each feed: 
Feed lnulinllactulose Protein Fat% Feed size 
(mg/kg) % 
Normal diet 0 50 18 1.8 mm pellet 
lnulinllactulose I 0 10 50 18 1.8 mm pellet 
lnulinllacrulose 50 50 50 18 1.8 mm pellet 
lnulinllacrulose I 00 100 50 18 1.8 mm pellet 
9. Determination of the intestinal microflora using bacteriological and 
molecular techniques 
The intestinal micro flora of fish showing high mortality/resistance to disease will be determined by 
both bacteriological and molecular methods. 
Sampli11g a11d Processi11g 
• The underside of the fish will be sterilised using 70% alcohol and an incision will be made 
from the ventral fin along the bottom of the fish to expose the abdominal cavity. The upper 
and lower intestine, from below the pyloric caecae to the rectum, will be removed into a 
sterile petri dish. 
• To ensure sterility further processing will be carried out in a laminar flow cabinet or PCR 
cabinet. 
Using a sterile scalpel blade, a section oflower intestine (approx. l inch from the rectum) 
will be isolated and the intestinal contents will be gently squeezed out into a sterile petri 
dish. The intestine will be cut open longitudinally and rinsed gently in sterile peptone-saline. 
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• 75 ±5 mg of intestine will be weighed out into a sterile, 2ml round-bottomed microtube. 
1.5ml of sterile peptone-saline will be added along with enough sterile small and large glass 
beads to displace the liquid to the 2ml graduation. 
• The sample will be homogenised by vortexing for 2 min. 
• 0.5ml will be added to a sterile 1.5ml microtube and kept on ice until further processed for 
molecular procedures. 0.5ml will be added to 4.5ml sterile peptone-saline and mixed using a 
vortex, for bacteriological procedures. 
Bacteriological Procedure 
• 
• 
Serial dilution to 10·2 will be prepared and O.lml of the undiluted, 10·1 and 10·2 samples will 
be spread onto TSA plates in duplicate. Plates will be incubated at 15°C in an upright 
position and inverted once dried. 
Plates will be read after 7 and 14 days. Dominant colony types will be counted and their 
morphology noted. A representative colony from each tank/sampling day will be subcultured 
onto TSA and identified using primary tests, BIOLOG and, where necessary, 16srRNA 
sequencing. 
Molecular procedures 
• The sample kept on ice will be spun down at 10000g for 2mins, in a microfuge, and the 
supematant removed. The pellet will be stored at 20°C until used. 
All consumables and reagents used for template DNA extraction and PCR procedures will be UV 
treated for 5 minutes in a PCR cabinet where possible. In addition, all plastic tubes will be sterilised 
at 121 °C for 15mins. 
Extraction of Template DNA 
Frozen pellets will be defrosted and template DNA extracted using a proteinase K/Phenol-
Chloroform extraction method. Extracted DNA will be dissolved by adding 200JLI sterile, 
molecular biology grade water, heating at 60°C for 5 mins and vortexing vigorously for 
30seconds. Template DNA will then be aliquoted (50JLI) into sterile, UV treated 0.5ml 
microtubes. 
Amplification of Template DNA using PCR 
• Template DNA will be amplified using 16s rRNA fluorescent labelled primers (63FFAM, 
1389RHEX). A lOmin hotstart at 95°C will be performed, then 30 cycles of95°C for lmin, 
57°C for lmin, 72°C for 2min, followed by a final extension step of lOmins at 72°C. 
Visualisation and cleaning of DNA 
• A 1% agarose gel containing 0.5JLg/ml Ethidium bromide will be prepared and PCR products 
run at 120V for 20minutes along with a 1 OObp size ladder. DNA will be visualised under UV 
light. DNA bands of the correct size will be excised and the primers removed using the 
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Geneclean II kit. DNA will be reconstituted in 20/LI sterile, molecular biology grade water 
and stored at -20°C until used. 
Terminal Restriction Fragment Length Polymorphism Analysis (TRFLP) 
• Frozen purified DNA will be defrosted and cut using 2 restriction enzymes (Mbol and Hhan. 
A gel will be run (using half of the digests) to check the digestion has worked and Genescan 
analysis will be performed using l!LI of the remaining digest alongside a 500 ROX standard 
(2/LI), mixed with 27/LI formamide. 
10. Disease susceptibility 
Preparation of challenge ilwculum 
Bacterial isolate 
• The bacterium (Yersinia ruckeri strain 2179/93P) will be prepared by inoculating a 100ml 
bottle of TSB. The broth will be incubated with shaking for 24hr at 22°C. After incubation 
the broth will be tested for contamination by Gram staining a smear prepared from the broth 
and observation under the microscope. If not contaminated the broth will be centrifuged at 
2500g for 20 minutes at 4°C and resuspended in sterile PBSa by vigorous vortexing twice. 
After the second resuspension the OD will be adjusted to 0.2 10-1 at 550nm (working 
suspension). This is approximately 107 cfulml (0.1 ml injected intra-peritoneally (ip) into 
each of 20 fish = approx.) 06 cfulip fish). Dilutions to 106, 1 05and 104 cfulfish will be 
prepared from this concentration. Plate counts will be performed on TSA plates to work out 
in retrospect the true concentration injected into the fish. Plates will be incubated at 22°C 
and read at 24-28h and 44-48h. 
Challenge 
Test Procedure: Intra-peritoneal injection (Yersinia ruckeri only) 
• All fish submitted to ip injection will be starved for 24h prior to the injection; feeding will 
resume 24h post injection. Fish will be taken from their tanks and transferred to a bucket 
containing tricaine methane sulphonate (MS222) and lightly anaesthetised (SOP229). Fish 
will be individually transferred to a clean work table and injected with the appropriate 
concentration of Yersinia ruckeri (in 0.1 ml) for challenged groups or sterile PBSa for 
unchallenged control groups. The intra-peritoneal injection site will be through the ventral 
abdominal wall into the peritoneal cavity, one pelvic fin length anterior to the pelvic girdle. 
Injected fish will be marked by cutting the caudal fins and then introduced to each tank of 
healthy fish. 
11. Carrier state investigations 
At the end of the 21 days post-challenge observation period, the survivors of each challenged 
groups will be sacrificed using an overdose of anaesthetic and their kidney swabbed onto ROD 
before bacteriology investigations. 
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12. Measurements, Observations, Samples and Records 
Main study and pre-study: Fish mortality 
All tanks will be observed for any sign of mortality every day around 16:00 or shortly after. All dead 
fish will be removed from the tank. Any mortality will be recorded on the tank data sheet. Caution 
will be made to record whether the dead fish was clipped or not. 
Any dead cohabitant (unclipped) will be sampled and its kidney swabbed onto TSA and ROD plates. 
Plates will be incubated at 22°C and observed for 72h for Yersinia mckeri growth. The plates will 
be recorded as positive if typical Y. mckeri colonies are observed within 72h. The origin of the death 
will be confirmed on 10% of the positive plated fish. These fish will be randomly selected and the 
plates kept in the fridge until the test is carried out. 
A Study Diary will be maintained in which progress of the study and relevant observations will be 
recorded daily. 
The water temperature of the experimental tanks will be recorded on the automatic temperature 
logging system. Weekly graphs for each tank will be printed out from this system for inclusion in 
the study raw data package. 
13. Report 
The results of this study will be included in the DEFRA annual report. Although there is no 
requirement for the running of the study to GLP compliance, Good Laboratory Practice standards 
will be observed throughout. 
14. Storage of Records 
All raw data will be archived at CEFAS. 
15. Unforeseen Occurrences 
Any unforeseen occurrences will be fully documented in the Study Diary and brought to the 
attention of the Study Monitor. 
16. Study Critical SOPs and staffing 
Study Protocol Amendments 
Will follow AS SOP 103. 
Standard Operating Procedures 
AS Standard Operating Procedures will be employed. Where the provisions of this Study Protocol 
differ from any aspect of these SOPs, the provisions of this Study Protocol override. 
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Project Licence Number 
30/1907 
Study Responsibilities and Key Personnel 
Study Monitor: Study Director 
Main investigator: Study personnel 
Experimental Facility Manager: 
Named Animal Care and Welfare Officer: 
M. Stone 
M. Stone 
Mrl. Tew, AS 
Mr R. Bartlett, AS 
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17. APPENDIX 1 
PROTOCOL I STUDY SCHEDULE 
To assist in the maintenance of the Master Schedule, all studies must be 
accompanied by a brief study schedule. The data needed are the Protocol 
number, the Study Number, planned dates, plus (up to) six major study 
stages (e.g. acclimate, challenge, observe, final report). 
I Protocol I P0279 
I Study I TBA 
I Date Start I April 03 
I Actual date I 
started 
Name 
Stage 1 Pre-study (testing ERM 
susceR_tibility)_ 
Stage 2 Acclimation 
Stage 3 Start of experimental diets 
Stage 4 ERM challenge 
Stage 5 Completion 
Study Title 
Effect of inulin and 
lactulose dietary 
supplementation on the 
susceptibility 
of Rainbow 
trout to challenge with 
Yersinia ruckeri 
Tank Length (days) 
room 
35days 
7-10days 
?days 
DayO 
Day20 
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